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Abstract
Energy arguably plays a vital role in economic developm ent and testing causality between 
energy and economic growth has been a well-researched topic for several decades. Sound 
evidence on whether casualty exits betw een energy and economic growth is im portant for 
energy policy makers, particularly given global environm ental problem s. If, for example, 
causality from  energy to economic growth is greater in the developing world, then any 
policy to reduce energy consum ption (and hence emissions) m ay have a disproportionate 
effect on their development.
M any previous studies have attem pted to test for causality betw een energy and economic 
growth, but no consensus has emerged. This research for this thesis is (as far is known) the 
first tim e that this issue has been addressed by systematically testing for causality using a 
consistent data set and m ethodology for over 100 countries, the countries being classified 
e ith e r  as OECD/developed and non-O ECD/developing countries o r  High, Mid, and Low 
developm ent countries (according to the H um an Developm ent Index (HDI)).
To undertake this task, two econometric m ethodologies are used, ‘causality based on a time 
series approach’ and ‘causality based on a panel co-integration approach’. In addition to 
testing for causality betw een ‘aggregate’ energy and economic growth, causality between 
the two m ain energy consum ption types: electricity and petroleum, and econom ic growth is 
also analysed.
The results from the analysis suggest that, in general, there is m utual interdependence 
betw een energy and economy in all groups o f  countries. However, w ithin this there are 
som e disparities between the different developm ent groups. Consequently, any policy to 
reduce a g g re g a te  en erg y  consum ption aim ed at reducing emissions m ight have a greater 
im pact on the GDP o f  the developed w orld than the developing world, although this is not 
necessarily the case for the individual energy types, e le c tr ic ity  and p e tro le u m .
Key Words: C lergy, G D P, D ev e lo p m en t, C a u sa lity , M ode llin g .
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C h a p te r  1
In tro du ctio n
1.1 In tro d u c tio n
Causality between energy consum ption and economic growth has been a topical issue for 
several decades. The existence and direction o f  causality is a subject that has long been 
debated by economists, econom etricians and policy makers, since it m ay provide guidance 
for governments in the form ulation o f  energy policies. For example, i f  causality does not 
exist in both directions or i f  causality is only in one direction such as from  GDP to energy, 
then a policy o f  energy conservation m ay be appropriate since it w ill not have a 
detrimental effect on economic growth and will have a positive effect on the environment. 
This is particularly relevant to the problem  o f  global w arm ing w ith the need to reduce 
energy consum ption and hence emissions. If, for example, there is no causal link from 
energy to income for the developed OECD countries, whereas there is for the developing 
non-OECD countries, then the reduction in energy consum ption arguably should 
predominantly be undertaken by the developed OECD countries so as not to inhibit the 
development o f  the non-OECD countries.. Such arguments can best be settled by 
examining the available evidence. It is therefore necessary to identify the correct model 
specification so as to ensure a consistent estim ating procedure so that the m odel m ay act as 
a useful tool for policy makers.
There are a num ber o f  empirical studies that attem pt to investigate the causal relationships 
between energy consum ption and economic developm ent in individual countries. 
However, as illustrated in Chapter 2, a conclusive link betw een them  has never been 
established.
Before proceeding to the m ain part o f  the thesis, it is useful to give an overview o f global 
economic growth and global energy consum ption trends, and the conceptual link between 
energy and economic growth. This is covered in the next section. The research questions 
are then formulated and shown in the section relating to the objective and aims. Following 
on from this the subsequent section will introduce the approaches taken in this thesis and 
the final section will outline the structure o f  the thesis.
l
1.2 Overview of global economic growth and global energy consumption trends
This section aims to give an overview o f  population trends, economic growth and energy 
consum ption in the global context as well as in the OECD/developed and the non- 
OECD/developing groups o f  countries.
1.2.1 G lobal pop u la tio n  g ro w th 1
Population growth affects the size and pattern o f  energy demand. W orld population 
continued to grow in the period 1971-2004. It increased from 3.8 billion in 1971 to 6.4 
billion in 2004, the equivalent o f  an average 1.6% increase per year during that period. The 
m ajority o f  the population are resident within the non-OECD group o f  countries. 
Population in the OECD countries grew from 0.9 billion in 1971 to 1.2 billion in 2004, an 
increase o f  0.8% per year on average w hile population in the non-OECD countries grew 
faster from 2.9 billion to 5.2 billion, an increase o f  1.8% per year on average (see Table 1.1 
and Figure 1.1).
F ig u re  1.1: P opu la tion  tre n d  in 1971-2004
Population
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Source: IEA (2006a)
According to IEA (2006b), the global population is forecast to grow by 1% per year on 
average, from an estimated 6.4 billion in 2004 to 8.1 billion in 2030 w ith the population o f  
the developing countries grow ing m ore rapidly and therefore accelerating their share o f  the 
w orld’s population.
1 In this section, growth rate and share figures for the period 1971-2004 are calculated by the author using the
IEA database (2006a).
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1.2.2 Global economic growth
W orld Gross Dom estic Product (GDP) grew from 17,466 billion US$ in 1971 to 52,289 
billion US$ in 2004 representing an average growth rate o f  3.4% per year. GDP in the 
OECD countries is far greater than GDP in the non-OECD countries, but its’ rate o f  growth 
is lower. GDP in the OECD countries increased from 11,488 billion US$ in 1971 to 29,493 
billion US$ in 2004, an increase o f  2.9% per year on average w hilst GDP in the non- 
OECD countries expanded from 5,978 billion US$ to 22,796 billion US$, an increase o f  
4.1% per year on average (see Table 1.1).
W orld GDP per capita rose from 4,653 US$ in 1971 to 8,231 US$ in 2004, an increase o f  
1.7% per year on average. GDP per capita in the OECD countries is also much greater than 
GDP per capita in the non-OECD countries, however its’ rate o f  growth is slightly less. 
GDP in the OECD countries expanded from 13,022 US$ in 1971 to 25,399 US$ in 2004, 
an increase o f  2.0% per year on average while GDP in the non-OECD countries grew from 
2,082 US$ to 4,394 US$; an increase o f  2.3% per year on average (see Table 1.2 and 
Figure 1.2).
F igu re  1.2: G ross dom estic p ro d u c t (G D P) p e r  cap ita  in 1971-2004
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According to IEA (2006b), w orld GDP growth is projected to grow  on average by 3.4% 
per year over the period 2004-2030. The developing A sian countries, in particular China 
and India, are assum ed to continue to grow faster than any other region followed by the 
M iddle East and Africa. Furthermore, IEA  (2006b) expects the Chinese econom y to grow 
the fastest at 5.5% per year over the period 2004-2030 but GDP in the OECD countries as 
a whole to grow by only 2.2% per year on average over the same period.
Similarly, the EIA (2006) also expects GDP to grow  at a sim ilar rate over the same period. 
According to EIA (2006), m uch o f  the growth is likely to occur am ong the nations with 
emerging economies2 w ith a rate o f  5.1% per year followed by transitional economies3 and 
mature m arket economies4 w ith rates o f  4.4% and 2.5% per year respectively over the 
same forecast period.
2 The emerging economies include those countries whose economies are currently less developed, but whose 
energy use patterns, in general, are expected to begin resembling those of the mature market economies over 
the next two decades. The nations in this region, which typically have fairly energy-intensive industrial 
sectors, include such rapidly growing economies as China and India. Asia, the Middle East, Africa, and 
Central and South America are regional subgroups in the emerging economy regions.
3 The transitional economies include those nations that are transitioning away from the centrally planned 
economies of the Soviet Union to free market economies. This region is subdivided into Eastern Europe (EE) 
and the former Soviet Union (FSU), and within the FSU separate projections are provided for Russia.
4 The mature market economies include nations whose energy markets are generally well-established, and 
whose industrial sectors have trended away from more energy-intensive manufacturing industries toward less 
energy-intensive service industries. They include the countries of North America (the United States, Canada, 
and Mexico), Western Europe, and "mature market" Asia (Japan, Australia, and New Zealand).
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Table 1.2: GDP per capita and energy consumption per capita
Y e a r G r o w th  R a te s  (a v e ra g e  %  p e r  a n n u m )
1971 1975 1980 1985 1990 1995 2000 2004 1971-
1975
1975-
1980
1980-
1985
1985-
1990
1990-
1995
1995-
2000
2000-
2004
1911-
2004
G D P  p e r  c a p i t a  (2 0 0 0  U S S , P P P s )
-W orld 4653 4797 5629 5922 6304 6635 7512 8231 2.10 2.17 1.02 1.26 1.03 2.51 2.31 1.74
-O E C D 13022 13585 16134 17552 19980 21205 24065 25339 2.24 2.55 1.70 2.63 1.20 2.56 1.30 2.04
- Non-OECD 2082 2129 2702 2861 2908 3160 3705 4394 3.22 2.72 1.15 0.33 1.67 3.24 4.35 229
E n e rg y  p e r  c a p i ta  ( to e )
-  W orld 1.01 1.04 1.09 1.06 1.07 1.14 1.15 1.20 0.77 1.03 -0.69 0.21 1.44 0.02 1.23 0.54
-O E C D 2.93 3.03 3.07 2.94 3.01 3.09 3.25 3.29 0.09 0.89 -0.84 0.42 0.55 1.04 0.26 0,35
- Non-OECD 0.42 0.43 0.54 0.56 0.58 0.68 0.66 0.74 3.60 2.41 0.63 0.93 3.11 -0.58 2.70 1.74
E le c t r ic i ty  p e r  c a p i t a  ( to e )
-W o rld 0.10 0.11 0.13 0.14 0.16 0.16 0.18 0.19 3.34 2.91 1.55 2.01 0.91 1.72 2.10 2.03
-O E C D 0.31 0.34 0.42 0.46 0.52 0.57 0.63 0.65 3.59 3.12 1.84 2.55 1.56 1.99 0.85 221
- Non-OECD 0.03 0.04 0.05 0.06 0.07 0.07 0.08 0.09 4.81 4.20 2.67 2.60 0.74 2.22 5.04 3.07
P e tro le u m  p e r  c a p i ta  ( to e )
- W orld 0.50 0.52 0.52 0.47 0.48 0.47 0.49 0.51 0.73 0.37 -Z \Z 0.39 -0.34 0.67 0.95 0.04
-O E C D 1.62 1.70 1.66 1.50 1.57 1.64 1.69 1.72 0.21 0.21 -2.02 1.00 0.81 0.70 0.36 0.17
- Non-OECD 0.15 0.16 0.21 0.20 0.21 0.19 0.21 0.24 4.60 2.49 -0.74 0.77 -1.47 1.63 2.78 128
Source: IEA (2006a)
1.2.3 G lobal energy  co n sum ption  tren d s
1.2.3.1 A ggregate  en e rg y  co n su m p tio n 5
W orld energy consum ption increased from  3,778 m illion tonnes o f  oil equivalent (M toe) in 
1971 to 7,644 M toe in 2004, an increase o f  2.2%  per year on average. Energy consumption 
in the OECD countries expanded from  2,582 M toe in 1971 to 3,828 M toe in 2004, an 
increase o f  1.2% per year on average whereas energy consum ption in the non-OECD 
countries increased from 1,197 M toe to 3,817 M toe, an increase o f  3.6% per year on 
average. It can be seen that energy consum ption in the non-OECD countries was lower but 
grew faster than in the OECD countries. The OECD countries’ share o f  global energy 
demand decreased from 68% in 1971 to 50% in 2004 while the non-OECD countries’ 
share o f  global energy dem and increased from  32% to 50% over the same period (see 
Table 1.1).
W orld energy consum ption per capita rose from  1.01 toe in 1971 to 1.20 toe in 2004, an 
increase o f  0.5% per year on average. Energy consum ption per capita in the OECD
5 In this section, growth rate and share figures for the period 1971-2004 are calculated by the author using the
IEA database (2006a).
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countries increased from 2.93 toe in 1971 to 3.29 toe in 2004, an increase o f  0.4% per year 
on average whereas energy consum ption per capita in the non-OECD countries grew from
0.42 toe to 0.74 toe, an increase o f  1.7% per year on average. Energy consum ption per 
capita in the non-OECD countries was even lower, however it grew faster than in the 
OECD countries (see Table 1.2 and Figure 1.3).
F ig u re  1.3: A ggregate energy  consum ption  p e r  cap ita  in 1971-2004
Aggregate energy consumption per capita
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Source: IEA (2006a)
According to IEA (2006b), global energy consum ption has tended to rise broadly in line 
w ith GDP growth over the past three decades and will continue to accelerate. Global 
prim ary energy dem and is projected by IEA (2006b) to rise by an average annual rate o f  
1.6% between 2004 and 2030, w ith over 70% o f  the global increase com ing from 
developing countries. Furthermore, IEA (2006b) expects almost one-quarter o f  the increase 
to come from the OECD countries and the rem aining 6% from the transitional economies. 
As a consequence, the OECD countries’ share o f  global dem and is forecast by IEA 
(2006b) to decrease, from ju st below  h alf in 2004 to 40% in 2030, whereas developing 
countries share is forecast to rise from 40% to 50%. W ithin this, the share o f  China is 
forecast to increase from 15.5% to 20% whereas the transition economies share is forecast 
to drop from 10% to 8%.
1.2.3.2 D isaggregate energy  co n su m p tio n 6
Petroleum and electricity are the main com ponents o f  total energy consum ption. The share
6 In this section, growth rate and share figures for the period 1971-2004 are calculated by the author using the
IEA database (2006a).
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o f  petroleum  and electricity consum ption accounted for nearly 60%  on average during the 
period 1971-2004. A lthough the share o f ‘petroleum ’ in total final energy consum ption fell 
from 50% in 1971 to 42% in 2004, it still remains the largest com ponent, accounting for 
about 46% on average over the period 1971-2004. The share o f  ‘electricity’ in total final 
energy consum ption increased from 10% in 1971 to 16% in 2004 or 14% per year on 
average (see Figure 1.4).
F igu re  1.4: S h are  o f w orld  energy  consum ption  by source in 1971-2004
World energy consumption by source
120
Source: IEA (2006a)
IEA (2006b) forecasts petroleum  and electricity to remain the m ain com ponents o f  total 
final energy consum ption over the next few decades with the share o f  petroleum  in total 
final energy consum ption the highest, accounting for about 41-42%  in the forecast period 
from 2004 to 2030. A ccording to IEA (2006b), electricity will remain the second highest 
fuel w ith its share increasing from 16% in 2004 to 18% in 2015 and 21% in 2030.
1.2.3.2.1 P etro leu m  consum ption
W orld petroleum  consum ption increased from 1,876 M toe in 1971 to 3,221 M toe in 2004, 
an increase o f  1.7% per year. Petroleum  consum ption in the OECD countries grew from 
1,433 M toe to 2,000 Mtoe, an increase o f  1.0% per year on average. W hereas petroleum 
consum ption in the non-OECD countries expanded from 444 M toe to 1,221 Mtoe, an 
increase o f  3.1% per year on average (see Table 1.1).
W orld petroleum  consum ption per capita grew from 0.50 toe in 1971 to 0.51 toe in 2004, 
an increase o f  0.04% per year on average. Petroleum  consum ption per capita in the OECD
countries increased from 1.62 toe to 1.72 toe, an increase o f 0.2% per year on average over 
the same period. W hereas petroleum  consum ption in the non-OECD countries expanded 
from 0.15 toe to 0.24 toe, an increase o f  1.3% per year on average (see Table 1.2 and 
Figure 1.5).
F ig u re  1.5: P e tro leu m  consum ption  p e r cap ita  in 1971-2004
Source: IEA (2006a)
IEA (2006b) forecast prim ary oil dem and to grow by 1.3% per year over the period 2005- 
2030 with over 70% o f  the increase in oil dem and coming from developing countries. 
China and the rest o f  the developing A sian countries will account for 46%  o f  the increase 
in the forecast period 2004-2030 w ith dem and in this group growing on average by 2.5% 
per year over the same period. Demand in the OECD countries, according to IEA (2006b), 
increases by only 0.6% per year on average over the same period. Demand increases much 
m ore slowly especially in Europe and the Pacific region.
1.2.3.2.2 E lec tric ity  consum ption
W orld electricity consum ption rose from 377 M toe in 1971 to 1,239 M toe in 2004; an 
increase o f  3.7% per year on average. Electricity consum ption in the OECD countries grew 
from 278 M toe in 1971 to 754 M toe in 2004, an increase o f  3.1% per year on average, 
electricity consum ption in the non-OECD expanded from 99 M toe to 485 Mtoe, an 
increase o f  4.9% per year on average over the same period (see Table 1.1).
W orld electricity consum ption per capita grew from 0.10 toe in 1971 to 0.19 toe in 2004, 
an increase o f  2.0 % per year on average. Electricity consum ption per capita in the OECD
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countries increased from 0.31 toe in 1971 to 0.65 toe in 2004, an increase o f  2.2% per year 
on average. Electricity consum ption per capita in the non-OECD expanded from 0.03 toe 
to 0.09 toe, an increase o f  3.1% per year on average over the same period (see Table 1.2 
and Figure 1.6).
F ig u re  1.6: E lec tric ity  consum ption  p e r  cap ita  in 1971-2004
Electricity consumption per capita
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Source: IEA (2006a)
According to IEA (2006b), global electricity dem and is projected to double over the next 
25 years, from 14 376 TW h in 2004 to 28 093 TW h in 2030, growing at 2.6% per year on 
average. Demand in developing countries is forecast by IEA (2006b) to grow three times 
as fast as in the OECD countries, w ith developing Asia the m ain area o f  growth, 
particularly in India and China w ith average growth rates o f  5.4% and 4.9% per year 
respectively.
1.2.4 S u m m ary
The above sections have shown that energy consum ption has increased over the last three 
decades and is likely to continue to rise in the future. W olf (2006) stated that the increases 
in dem and for energy are sizable and dem and for energy would continue to increase (in 
m ost segments o f  economic activities) in the next few decades, giving four reasons. Firstly, 
some rich countries have managed to contain the increase in energy consum ption per 
capita, despite sizeable increases in gross dom estic product per head (at PPP). The de­
industrialising UK, as stated by W olf, is an excellent example: between 1980 and 2002, its 
energy dem and per capita rose by 3%, while GDP per capita increased by 59% so that 
energy intensity fell -  despite per capita energy consumption still increasing. Secondly,
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some advanced countries consum e m ore energy than others. At any level o f  GDP per head, 
the US consum es around twice as m uch energy as Japan or the UK. Furthermore, it uses 
about three times as m uch energy per head as Japan in transport. This greater consumption 
o f  energy is partly due to the country’s size and harsher climate (also true for Australia). 
Thirdly, rapid econom ic growth and industrialisation in developing countries tends to 
increase their energy consum ption dram atically. For example, energy consum ption per 
capita in South K orea rose by 300%  betw een 1980 and 2002, whilst its GDP per capita 
increased 270%. Finally, the average Chinese consum es a tenth o f  the prim aiy energy o f  
the average Am erican and a fifth as m uch as the average Japanese. Furthermore, the 
average Indian uses less than h a lf as m uch as the average Chinese. Suppose then that over 
the next two and a h a lf decades, C hina and India follow  much the same developm ent path 
as South Korea. Then by 2030, these two countries com bined would consum e at least three 
times as m uch prim ary energy as the US does today.
In summary, energy consum ption in both the OECD and the non-OECD countries grew in 
line w ith their economies and populations over the past three decades and is likely to 
continue in the next few decades. However, energy consumption, GDP and population in 
the non-OECD countries grew faster than those in the OECD countries in the last three 
decades and the trend is to continue for the next few decades. Petroleum  and electricity are 
generally the m ain com ponent o f  energy use.
The above section provides the general background o f GDP and energy trends in the 
OECD and non-OECD countries. The next section will introduce the conceptual idea o f  
how energy consum ption links to econom ic growth in these groups o f  countries.
1,3 T h e  concep tual link  betw een energy  a n d  econom ic g row th
1.3,1 O verview
Energy arguably plays an essential role in an economy on both the dem and side and supply 
side. On the d e m a n d  s id e , energy is a derived demand, through energy appliances; energy 
produces various types o f  services w hich a consum er decides to buy in order to m aximize 
their utility. Econom ic growth is likely to be a main driver o f  energy consumption. As 
stated by IEA (2006b), “the rate o f  grow th in world GDP is the prim ary driver o f  energy 
demand” (p.53), and also by IEA (2004), “economic growth alm ost always leads to
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increased energy use, at least in the early stages o f  economic developm ent” (p.331). On the 
su p p ly  s id e , energy is likely to be a key factor o f  production in addition to capital, labour 
and materials. As stated by IEA (2004), “energy services provide an essential input to 
economic growth” (p.330). Therefore, energy is usually seen to play a vital role in the 
economic and social developm ent o f  countries and to be a key factor in increasing 
economic growth and living standards. According to IEA (2004), “energy alone is not 
sufficient for creating the conditions for economic growth, but it is certainly necessary” 
(p.331). This suggests that there should be a causal relationship between energy 
consum ption and national incom e or GDP as sum m arised in Figure 1.7.
F ig u re  1.7: C o n cep tu a l causal lin k  betw een energy  an d  econom ic activ ity
S u p p l y
Output = f (K, L, Energy, Materials)
E n e r g y :  E c o n o m i c  A c t i v i t y :
Electricity M anufactu ring
P e tro leu m  A griculture
C oal C o n stru c tio n
G a s  T ran sp o rta tio n
D e m a n d
Energy = f (Income, Price)
However, there are num erous different theoretical ideas and views about the potential 
linkages between energy consum ption and economic growth. Both 
m ainstream /neoclassical and resource/ecological economists have addressed this issue and 
often come to different conclusions. S tem  (2004) summarises these differences, stating that 
m ainstream /neoclassical econom ists argue that energy or other natural resources play a 
m inor or m inim um  role in economic growth, whereas resource/ecological economists 
argue that energy plays an im portant role in economic growth (this is discussed in more 
detail in Section 1.3.4 below).
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1.3.2 Causality in developed countries (DCs) and less developed countries (LDCs)
Energy would appear to be an im portant factor in all countries around the world. Arguably, 
economic growth and energy are linked, however it is questionable i f  the link is different 
among regions. A ccording to EIA (2005), the link is strongly influenced by the stage o f 
economic developm ent and the standard o f  living in  a given region. Tom an &  Jemelkova 
(2003) state that “the linkages am ong energy, other input, and economic activity clearly 
change significantly as an econom y m oves through different stages o f  developm ent” 
(p.95). Stem  (2004) also points out that the structure o f  each econom y and its stage o f 
developm ent could be crucial factors for determ ining the energy-econom y interaction. This 
implies that the causal link could well appear to be different between the developed 
countries and developing countries where their stages o f  developm ent are different.
In the developed world, the countries generally have ‘low energy dependency’, usually 
characterised by large economies, good infrastructure, abundant energy supply, low 
population growth, high energy use per capita and per unit o f  GDP, efficient technology 
and lower energy intensity. On the other hand, in the developing world, economies appear 
to have ‘high energy dependency’, often characterised by sm aller economies, poor 
infrastructure, energy supply shortage and high use o f  prim itive fuel (such as biomass), 
rapid population and econom ic growth, low energy use per capita and per unit o f  GDP, and 
rapid life style changes to achieve higher living standards (see Figure 1.8). Thus, the 
evidence o f  causal relationships could be different between both groups.
F ig u re  1.8: C au sa l linkage betw een energy  a n d  econom ic activ ity  in DCs an d  LDCs
S t a g e  o f  E c o n o m i c  D e v e l o p m e n t
/
“Low E n erg y  D e p e n d e n c y ”
• A b u n d a n t en e rg y  su p p ly
•  Low pop . grow th
•  High level of p e r  cap ita
“High E n erg y  D ep en d en cy "
•  S m a lle r E co n o m ies
•  E n erg y  im p o rters
•  R apid  pop . grow th
•  Lifestyle c h a n g e  to  ae n e rg y  u s e
•  L ow er e n e rg y  in tensity
•  Efficient tech n o lo g y of living
V _
a c h ie v e  h ig h e r s tan d a rd
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It is often argued that the link betw een energy and economic growth is likely to be w eaker 
in developed countries com pared w ith developing countries. The EIA study (2005) argued 
that in the m ature m arket economies, the link is relatively weak w ith energy dem and 
lagging behind econom ic growth, whereas in the emerging economies, energy 
consum ption and econom ic growth have been closely correlated for m uch o f  the past three 
decades. They also state that advanced economies w ith high standards o f  living have 
relatively high levels o f  energy consum ption per capita. However, they tend to be 
economies where energy use per capita is stable or changes very slowly.
According to El-Banbi (1998), the link between energy and economic growth in 
industrialised economies where abundant energy resources are available is not as important 
because they have achieved high levels o f  per-capita energy use. M oreover, the expansion 
o f  economic activity has tended to be in the less energy-intensive areas. In addition, more 
energy-efficient technologies have been adopted in these industrialised economies.
On the other hand, it can be argued that the causal link is likely to be very significant in 
developing countries, particularly in Asia. This is because these countries have 
experienced rapid econom ic and population growth resulting in changing life-styles and 
im proving living standards w hich drive energy dem and growth. As incomes rise, 
households in developing countries tend to  sw itch to m odern energy services for cooking, 
heating and electric appliances. As stated by IEA (2004), “people generally shift first from 
traditional fuels to interm ediate m odem  fuels, such as coal and kerosene, and finally to 
advance fuels, such as liquefied petroleum  gas, natural gas and electricity.” (p.336).7 
A nother reason is that the economies o f  such countries are relatively small and rely on 
im porting energy.
There are a num ber o f  studies (discussed in detail below in Sections 1.3.3 and 1.3.4) that 
have analysed the conceptual link between energy and economic growth on both the 
dem and and supply side. M ost o f  the studies focus on the demand side w hich explains how 
energy consum ption is driven by  econom ic development. However, there are some studies 
that attem pt to dem onstrate the im portance o f  energy in driving economic developm ent 
from a dynamic perspective by explaining energy as an input factor in the production
7 However, according to IEA (2004), the number of people relying on traditional fuels for cooking and 
heating is projected to rise from just below 2.4 billion in 2002 to over 2.6 billion in 2030.
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function.
On the dem and side, dem and for energy is generally stimulated by economic activity; 
energy consum ption norm ally grows along w ith GDP. However, dem and for energy might 
not rise in the same direct proportion to an increase in income in each region. It depends on 
the economic, social and political conditions o f  these countries.
It can be seen from  the previous section that in the developed OECD economies, energy 
consum ption has generally grow n m ore slowly than GDP w hilst in the non-OECD 
countries the energy consum ption, particular electricity, has grown m ore rapidly than GDP. 
According to El-Banbi (1998), the higher energy demand growth o f  developing countries, 
particularly Asian countries such as China and India, comes from rapid economic growth 
and population growth and the resulting changing life-style and higher living standards.
Ishiguro & Akiyam a (1995)8 also stated that the pattern o f  energy demand, particularly in 
Asia, is different from that o f  industrialised countries. The patterns in A sia include high 
energy intensity, high energy consum ption in the industrial sector, rapid growth in demand 
for electricity, rapid m otorisation, large losses in electricity and low energy prices. They 
also noted that industrial sectors, particularly heavy industries which account for 50-80% 
o f  consumption, hold the highest share in final energy consumption. M oreover dem and for 
electricity grows very rapidly. E lectrification has been proceeding quickly in both the 
household/com m ercial sector and the industrial sector. The use o f  electric appliances, such 
as televisions, refrigerators, w ashing machines, and air conditioners, has increased rapidly. 
Rapid increases in electricity use in the household/commercial sector are expected to 
continue into the next century because income elasticity dem and in the 
household/com m ercial sector is high. Grow th in the electricity dem and in industrial sectors 
is also high. N ew  electronic instrum ents and equipment have been installed in order to 
make industrial plants m ore m odem  and efficient. In addition, rapid m otorisation in these 
countries, which is expected to continue, has caused an increase in the consum ption o f 
motor vehicle fuel with a rapid shift from rail to road, particularly in China and India.
1.3.3 Demand side
8 This paper focuses on analysing energy demand in five major Asian developing countries, China, India, 
Indonesia, Korea, and Thailand.
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According to OTA  (1991), energy consum ption in developing countries increases faster 
than economic activity. They give a num ber o f  reasons for this: the growth o f  mechanised 
agriculture and manufacturing, the construction o f  m odem  infrastructure, urbanisation, 
increased transportation o f  goods and services, rapid expansion in ownership o f  consum er 
appliances, and the substitution o f  m odem  energy for prim itive fuels, even where the total 
am ount o f  prim itive energy used still continues to rise.
It can be concluded that energy dem and in the non-OECD/developing countries has grown 
rapidly during the past three decades as shown in the Section 1.2.3. The rapid increase 
comes from high rates o f  population growth and economic growth in addition to the 
change in life-style and higher living standards being achieved, high energy intensities, the 
rapid pace o f  industrialisation, a growing proportion o f  energy-intensive industries in the 
industrial sector, rapid electrification o f  industries and households, and rapid motorisation. 
This discussion suggests that the causal link between energy and economic growth is likely 
to appear m ore in the non-OECD/developing countries than in the OECD/developed 
countries. However, m ore em pirical w ork is needed in order to test whether this is true or 
not.
1.3.4 S upp ly  side: E nergy  an d  econom ic g row th
This section aims to dem onstrate the relationship between energy and economic growth in 
the dynam ic framework. This is relevant to the empirical analysis in Chapters 3-6.
On the supply side, energy is often considered to be a main driver o f  econom ic growth. No 
country in the w orld has succeeded in shaking loose from a subsistence economy without 
access to the services that m odem  energy provides (W orld Bank, 2003). As stated by 
W olde-Rufael (2006), “M odem  energy use is a prerequisite for economic, social, and 
technological progress where it com plem ents labour and capital in the production process. 
Lack o f  energy is a lim iting factor to economic growth and technological progress” 
(p .l 108).
IEA (2004) dem onstrates the im portance o f  energy in driving economic developm ent by 
explicitly incorporating an energy variable into the neoclassical production function. Thus 
the production function is expressed in the sim ple form o f  Y  =  f  (K, L, E, B) where Y  is 
output, K  is capital, L  is labour, E  is energy resource and B  is total factor productivity
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(TFP). In this setting, energy is a factor o f  production that has positive im pact on the level 
o f  output and growth. The results show that in every country studied, except China, the 
com bination o f  capital, labour and energy contributed more to economic growth than did 
productivity increases. The results from  the IE A ’s study suggest that energy plays a larger 
role in countries at interm ediate stages o f  developm ent since industrial production often 
m akes a large contribution to the economies at this stage. The energy intensity o f 
m anufacturing is generally m uch higher than that o f  other economic activities. W hen the 
econom y matures, m ore energy-efficient technology, whose contribution is captured as a 
part o f  total factor productivity, kicks in and the am ount o f  energy needed to produce a unit 
o f  GDP diminishes.
Tom an & Jem elkova (2003) indicate that energy is considered to be a crucial factor driving 
economic growth and the increased availability o f  energy services acts as a ‘key’ stimulus 
for economic developm ent at different stages in the developm ent process. They used a 
simple theoretical m odel based on the concept o f  endogenous growth to dem onstrate the 
role that energy has in the production function. Their analysis shows that the energy 
service is a factor o f  production in addition to physical and hum an capital. Energy can 
drive economic growth in the sense that energy services create a higher standard o f  living 
and at the same time increase the efficiency o f  physical capital which, in turn, leads to 
increased total factor production. To give a sim ple example, it is well known that steady 
state growth path in the Solow m odel w hich output (F) be determ ined by the constant 
returas-to-scale Cobb-Douglas production function in equation (1.1) below
Y  =  B K a Lp (1.1)
is given by
g y  = g  +  n  (1.2)
where g y is the growth o f  output, g  is the growth o f  TFP (B) and n is the growth o f  labour. 
Clearly if, in turn, B -  f ( E ) where E  is energy and d g / d E >  0 then output growth is 
stimulated by energy resources. Therefore, this summarises the linkage between output 
growth and energy in Tom an & Jem elkova, 2003 (see Figure 1.9 which is a sim plified 
schematic representative o f  Tom an & Jem elkova, 2003).
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Figure 1.9: The role of energy in economic development
H o w  d o e s  E n e r g y  d r i v e  E c o n o m i c  G r o w t h ?
Availability of Energy Services
OTA  (1991) attempts to exam ine how  energy is supplied and used in developing countries, 
and how  energy is linked w ith econom ic and social developm ent and environm ental 
quality. It asserts that the increases in services that energy provides are desirable and 
necessary because they are im portant for econom ic growth, im proved living standards and 
to provide for increased populations. However, the rapid growth o f  energy used in 
developing countries has a w idespread impact. For example, rapid increases in oil demand, 
together w ith increasing dem and in the industrial countries, lead to rising w orld oil prices. 
This can create high levels o f  indebtedness in developing countries, since their economies 
rely heavily on industry and oil imports. Furthermore, rapid increases in the use o f  fossil 
fuel can create local and regional air pollution and atm ospheric concentrations o f  
greenhouse gases, such as carbon dioxide (CO2) which causes clim ate change, m ore than 
m ost industrial nations.
W olde-Rufael (2006) identifies an im portant role o f  energy, especially that o f  electricity, to 
be a result o f  econom ic and social development. W olde-Rufael (2006) argues that 
electricity has been a m ajor source o f  betterm ent in the standard o f  living o f  advanced 
countries and it has played a vital role in the technological and scientific advancem ent o f  
these countries. Even in poor countries, it is argued that the use o f  electricity is associated 
w ith im proving the health and education standards o f the poor. A t the individual level, 
increased electricity supply is likely to be one o f  the m ost im portant causes o f  im proved 
welfare o f  the poor. A t the national level, in the era o f  the digital economy, it is not easy to
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envisage development without the use of modem energy, particularly electricity.
Ghali & El-Sakka (2004) discuss the arguments amongst economists about the relationship 
between energy use and output growth. Their first point o f  view suggests that energy is a 
vital source o f  production because other sources such as labour and capital cannot do 
w ithout energy. A ccording to this view, energy is assum ed to be a limiting factor to 
economic growth. Another point o f  view by Ghali & El-Sakka (2004) suggests that energy 
is neutral to growth w hich has become known as the ‘neutrality hypothesis’. This is 
because the cost o f  energy is a very small proportion o f  GDP, therefore, energy is not 
likely to have a significant impact on output growth. They also state that the possible 
im pact o f  energy consum ption on growth will depend on the structure o f  the economy and 
the stage o f  economic growth o f  the countries concerned. As the economy grows, its 
production structure is likely to shift to the service sector, w hich is less energy intensive 
relative to the industrial sector. However, W olde-Rufael (2006), argue that this may not be 
true for electricity as the evidence from the study (Rosenburg 1998) shows that the US 
economy is becom ing sim ultaneously less energy intensive but m ore electricity intensive.
There are also some argum ents am ong schools o f  economists about the role o f energy in 
economic growth, w hich are discussed below. Stem  (2004) discusses the different 
theoretical ideas and views about the potential links between energy and economic growth 
as m entioned earlier. Both Stem  (2004) and Cleveland et al (1984) criticise the 
neoclassical school o f  thought as shown below:
Stem  (2004) states that,
“M ainstream  economists usually think o f  capital, labour and land as the prim ary 
factors o f  production and goods such as fuels and materials as the intermediate 
inputs. The prices paid for all the different inputs are seen as eventually being 
payments to the owners o f  the prim ary inputs for the services provided directly or 
em bodied in the produced intermediate inputs. In the theory o f  growth, this 
approach has lead to a focus on the prim ary inputs, in particular on capital and land, 
and a m uch lesser and somewhat indirect treatment o f  the role o f  energy in the 
growth process.” (p.37).
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Cleveland et al (1984) states that,
“Standard production functions do not account for the im portant physical 
interdependence between energy and all other factors: the availability o f  all factors 
created by hum ans depends on the existence o f  free energy in the natural 
environment. Capital and labour are com bined to extract energy from the 
environment, but they cannot create, in a physical sense, the free energy and m atter 
from which they are derived. Thus, elasticities o f  substitution between natural 
resources and capital and labour calculated at the level o f the firm or industry do 
not necessarily reflect true substitution possibilities over the econom y as a whole. 
Including the direct and indirect energy costs o f  producing capital and labour 
reduces the degree to w hich capital and labour can be substituted for fuel in 
production.” (p.892-893).
The resource or ecological economists, on the other hand, have placed a very heavy 
em phasis on the role o f  energy and its availability in economic production and growth 
theories. They point out that the prim ary energy inputs such as oil deposits are stock 
resource and energy is im portant because energy is a  non-reproducible factor o f  production 
while capital and labour are reproducible factors o f  production. The resulting ‘growth
drag’ can be explained as follows (see Jones (2002), ch.9, S0rensen & W hitta-Jacobsen
(2005), ch.7 and W eil (2005), section 15.3, ch. 16). Suppose the production function in 
equation (1.1) is am ended to become
Y =  B K a LR E r (1.3)
where E  is the instantaneous consum ption o f  non-renewable energy from  a fixed stock (R). 
The steady state Solow growth equation now becomes
g y = g  +  ( l - r ) n - i S E  (1.4)
where y  =  y / (  1 -  a )  and SE -  E  /  R (i.e. the intensity o f  energy consumption).
Com paring equation (1.4) with equation (1.2), it is now clear that energy consumption has 
a negative impact on growth because future stocks o f  the non-renewable natural resources 
are being depleted.
Unlike the results described by Toman & Jem elkova (2003), the ‘growth drag’ results
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predict a potentially negative relationship betw een (non-renewable) energy resources and 
growth. In fact, caution should be applied to these results. First, the Cobb-Douglas 
production function in equation (1.3) implies that £  is a fundamental factor o f  production. 
Yet, the higher the degree o f  substitution that exists between E , K  and L , the less this is 
true.9 Second, o f course, even w ith equation (1.3), the ‘growth drag’ results may be diluted 
once prices are introduced into the model. For example, if  consum ption o f  coal is rising, its 
relative price can be expected to increase. The consumer, therefore, may switch to 
substitute energy products (such as gas) and suppliers may be encouraged to develop new 
technologies that perm it shift from using coal to other cheaper energy sources such as gas. 
Third, the assum ption that the non-renewable natural resource is fixed (at R ) seems also to 
be questionable. For example, according to Crem er & Salehi-Isfahani (1991), “W hile in 
1950 the Persian G ulf reserves were estim ated at 42 billion barrels, in 1971, after 47 
billions had been extracted, 367 billion barrels remain! By the end o f  1988, after an 
additional 98 billion barrels had been extracted, 552 billion still rem ained!” (p.20). Clearly, 
the sense in w hich R  is ‘fixed’ is debatable and this will weaken the ‘growth drag1 results.
Cleveland et al (1984), Kaufmann (1992, 2004), C leveland et al (2000) and Stem  & 
Cleveland (2004) agree w ith the idea o f the ecological school o f  thought regarding the 
important role o f  energy in economic growth. They also introduce the idea that 
improvements in energy quality10 are an im portant factor in economic growth. They 
m ention that m ost analyses ignore the effect o f  energy quality in the assessm ent o f  the 
energy-econom ic growth relationship. The results from the study o f  Cleveland et al (2004) 
suggest that the adjustment o f  energy for quality is im portant because it considers the 
context.w ithin which energy use is occurring. The conclusion from this study is that energy 
use plays an im portant role in determ ining the level o f  economic activity.
Ayres & W arr (2005) and Ayres (1998) also agree w ith the above idea about the important 
role o f  energy in an economy. They refer to the concept o f  ‘exergy’ which means 
‘available energy’, or ‘useful energy’, or energy capable o f perform ing mechanical, 
chemical or thermal work. Hence, ‘exergy’ is effectively equivalent to ‘potential w ork’. 
They argue that consum ption o f  natural resources especially energy (exergy) has been, and
9 As an extreme example, if equation (1.3) is replaced by Y  — K  +  L  +  E  then the factors of production are 
perfect substitutes and there will be no ‘growth drag’.
10 One way of measuring energy quality is the marginal product of the fuel which is the marginal increase in 
the quantity of a good or service produced by the use of one additional heat unit of fuel (Stem, 2004).
still is, an important factor o f  production and driver o f  economic growth. They conclude 
that it is not raw energy as an input, but exergy converted to useful (physical work) that -  
along w ith capital and labour- really explains output and drives long-term  economic 
growth.
It can be concluded that energy appears to be a crucial factor to economic growth, 
however, there are different schools o f  economic thought that argue about the role o f 
energy in economic activities. This suggests that m ore empirical work is needed in order to 
resolve this theoretical/conceptual dispute.
1.3.5 S um m ary
Based on these studies, there are two issues to address. First, energy is likely to play a vital 
role on both the dem and and supply sides w hich implies that there should be a causal link 
between energy and economic growth based on both static and dynam ic perspective. 
However, there are a num ber o f  different ideas and views about the potential linkages 
between energy consum ption and economic growth especially on the role o f  energy in 
economic activities. Second, the strength o f  the link appears to be different between 
regions, depending on their stage o f  development. It is argued that the link is stronger in 
developing countries than in developed countries. The main m otivation o f  this thesis 
therefore is to em pirically investigate these issues in a systematic manner. The next section 
consequently sets out the objectives, aims and research questions that are addressed by this 
em pirical work.
1.4 O bjective a n d  aim s
The objective o f  this research is to gain a clearer understanding o f  the link between energy 
and economic growth.
The m ain research question the thesis addresses is:
‘Is there a causal relationship between energy and economic grow th?’
If  there is, then in which direction is the causality and is the degree o f  causality different 
between the OECD/Developed and the non-OECD/developing countries? This leads to the 
sub research questions as follows:
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1. Does energy consum ption (aggregate energy/electricity/petroleum) cause GDP in 
the OECD/Developed countries and the non-OECD/Developing countries?
2. Does GDP cause energy consum ption (aggregate energy/electricity/petroleum ) in 
the OECD/Developed countries and the non-OECD/Developing countries?
3. Is the evidence o f  causality from energy to GDP stronger in the non-
OECD/Developing countries than the OECD/Developed countries?
4. Is the evidence o f  causality from  GDP to energy stronger in the non-
OECD/Developing countries than the OECD/Developed countries?
To answer the research questions two different approaches have been used which are 
explained in the following section.
1.5 A pproaches tak en  in this thesis
There are several econometric techniques used to examine the relationship between energy 
and economic growth. In this thesis two m ain methodologies have been adopted and 
applied to over 100 countries; testing ‘C ausality’ using a  time series data approach and 
testing ‘Causality’ using a panel cointegration approach. These are explained below and 
m ore fully in subsequent chapters.
1.5.1 T esting  ‘C au sa lity ’ using a tim e series d a ta  ap p ro ach
Granger causality11 is a popular concept and widely accepted by economists when 
investigating the causal link between variables.12 In the energy field, there have been a 
num ber o f  empirical studies undertaken during the past few  decades investigating causality 
between energy and econom ic growth and disaggregate energy such as electricity, 
petroleum and economic growth in various countries. They use tim e series data from each 
country, over varying periods o f  time, in order to undertake causality tests (see details in 
Chapter 2). However, the results are inconclusive since they use different techniques, data 
definition and time frames, which are short or long (depending on the availability o f data).
In order to ensure consistency, one methodology, the VA R Johansen Cointegration
11 Although ‘Granger causality’ is commonly used in the literature, this is not the only way of considering 
causality and there are questions about its appropriateness (this is discussed further in Chapter 7).
12 Causality has been widely used in a number of other areas of economies such as financial economics, etc.
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technique coupled with the Hsiao G ranger Causality technique, has been used in this 
thesis. Since electricity and petroleum  are the m ain components o f  energy, causality is 
tested for in three groups; i) total energy consum ption and GDP; ii) electricity consumption 
and GDP; iii) petroleum consum ption and GDP. The analysis is carried out on 30 OECD 
countries and 78 non-OECD countries for the time period ranging from  1960/71-2003 for 
the OECD countries and 1971-2003 for the non-OECD countries. All data comes from the 
same source, IEA (2006a). In order to have a clearer distinction betw een developed and 
developing countries, this research also classifies countries based upon the 2002 HDI 
(HDI, 2004) into three m ain groups, high, mid, and low developm ent countries.13
1.5.2 T esting  ‘C au sa lity ’ using  a p an e l co in teg ration  ap p ro ach
Panel cointegration is a new approach for investigating the relationship between energy 
and economic grow th.14 In the energy field, there are few empirical studies that have used 
this m ethodology (see details in Chapter 2). This approach allows for heterogeneous 
effects across countries in one single estimation. M oreover, it could help to increase the 
validity o f  the test as a result o f  the increased degree o f  freedom. For the process, firstly a 
panel cointegration test based on Pedroni (1999) has been undertaken. Secondly the panel 
full-modified OLS (PFM OLS hereafter) technique based on Pedroni (2000) has been used 
to estimate the cointegration vector for heterogeneous cointegration panels. This helps to 
correct the standard OLS for the bias induced by the endogeneity and serial correlation o f  
the regressor. Finally the error collection m odel for heterogeneous panels has been 
specified and estimated to fully test the causality. To be consistent w ith the time series 
approach, causality is tested using the same data set for three groups, i) total energy 
consum ption and GDP, ii) electricity consum ption and GDP, iii) petroleum  consum ption 
and GDP. The analyses in this thesis are carried out on panel 30 OECD countries and 78 
non-OECD countries and three panel HDI groups for the same time period as in the time 
series approach.
1.6 Thesis layou t
This thesis is therefore structured as follows:
13 The group of countries could feasibly also be classified according to alternative criteria such as the 
political/economic system, geographical area, etc. (this is discussed further in Chapter 7).
14 Again, this technique has also been used in other area such as financial economics, etc.
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This Chapter (Introduction) provides the background regarding the relationship between 
energy and the econom y starting w ith an overview o f  global economic growth and global 
energy consum ption trends, followed by a discussion o f  the conceptual link between 
energy and economic growth and the form ulation o f  the research questions to be answered. 
The penultimate section introduces the m ethodologies used in the thesis followed by the 
outline o f the thesis.
Chapter 2 (Literature Review) provides the general overview o f  econometric approach to 
causality followed by a review o f  the em pirical studies and a discussion o f  the results from 
these empirical studies.
Chapter 3 (Causality between ‘aggregate energy consum ption and G D P’: A time series 
approach) describes the m ethodology for the causality m odel based on a tim e series 
approach followed by the data used in the model. The results are discussed and a summary 
provided.
Chapter 4 (Causality between ‘electricity consum ption and G D P’ and ‘petroleum 
consum ption and G D P’: A time series approach) describes the data used in the model 
followed by results and a discussion.
Chapter 5 (Causality between ‘aggregate energy consum ption and G D P’: A  panel 
cointegration approach) describes the m ethodology o f  a causality m odel based on a panel 
cointegration approach followed by the data used in the model. The results are discussed 
and a summary is provided.
Chapter 6 (Causality between ‘electricity consum ption and G D P’, and ‘petroleum 
consum ption and G D P’: A  panel cointegration approach) describes the data used in the 
m odel followed by the results and discussion.
Chapter 7 (Sum m ary and Conclusion) sum m arises the research undertaken for this thesis. 
It reviews all the chapters, drawing out their prom inent points, and culm inating with policy 
implications and recom m endations. This chapter concludes with some ideas for further 
research.
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C h a p te r  2
L ite ra tu re  R eview
2.1 In tro d u c tio n
Over the past three decades, a num ber o f  different techniques have been developed to 
investigate the relationship between energy and economic growth. The m ajority o f  the 
techniques are correlation analysis, sim ple regressions, causality, unit root testing, 
cointegration, vector error correction model and variance decomposition. Am ong these 
approaches ‘Causality’ is the m ost popular as the direction o f  causality can provide an 
insight into the role o f  energy in economic developm ent and can provide policy analysts 
with a clearer understanding o f  the im pact o f  energy on economic growth. M ost causality 
work in the literature uses time series data since it is w idely used and generally accepted 
for analysis o f causality for individual countries. Recently causality work has been 
enhanced by using panel data since this technique can take account o f  the heterogeneous 
country effects.
This chapter will review the literature, focusing on the m ethodological ‘C ausality’ 
fram ework covering both the time- series and panel approaches. It starts w ith the general 
overview o f  the causality approach, followed by  a review o f  the em pirical work and finally 
a sum m ary and conclusion.
2.2 G en era l overview  of th e  econom etric ap p ro ach  tak en  to causality
The original basic definition o f  causality1 proposed by Granger (1969) hereafter known as 
‘Granger-causality’, has gained wide acceptance and has been w idely used by economists 
for over 35 years.
‘Granger-causality’ implies causality in the prediction (forecast) sense rather than in a 
structural sense. It starts w ith the premise that ‘the future cannot cause the past’; i f  event A 
occurs after event B, then A  cannot cause B (Granger 1969). According to Granger, i f  one 
considers an information set that contains only the variables X and Y, X causes Y i f  the 
present value o f  Y can be better predicted by using the past values o f  X than by not doing
! As noted by Granger (1988), ‘Causality’ cannot be equated to ‘Correlation’ as correlation cannot give 
indication about the direction of a relationship.
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so. This assumes that all available information, including past values of Y, are used.
Sims (1972) has m ade an im portant contribution to the literature w ith a practical 
application o f  the criteria developed by G ranger (1969) for identifying a causal 
relationship. He linked the definition o f  G ranger (1969) to the concept o f  econometric 
exogeneity and developed a test for causality betw een money and GNP. As stated by Sims 
(1972), the test for unidirectional causality betw een X and Y is “regress Y on past and 
future values o f X then if  causality runs from  X to Y only, future values o f  X in the 
regression should have coefficients insignificantly different from zero as a group” (Sims 
1972, p.545).
Sims (1980) and others such as Sargent (1979), developed a more com prehensive form o f 
econometric analysis known as vector auto regression (VAR). They point out that V AR is 
a method o f  carrying out econometrics analysis w ith a m inim um  a priori assum ption about 
economic theory.
A bosedra & Baghestani (1991) point out the weaknesses o f  a Sims test in that the results 
are very sensitive to the choice o f  pre-filtering procedure and the presence o f  the future 
term  on the right-hand side o f  the test equations m akes it hard to interpret the results within 
an economic framework. They also state that G ranger’s form o f  the test is preferable when 
com pared to a Sim s’s test.
2.2.1 T im e series causality  ap p ro ach
2.2.1.1 In tro d u c to ry  re m ark s
The pioneer work testing causality in a tim e series analysis fram ework was mainly based 
on the G ranger causality concept. However, before undertaking causality testing, recent 
advances in econometrics means that the unit root test and the cointegration test should be 
applied, the detail o f  which is shown in the following sections.
2.2.1.2 U nit ro o t testing  in a tim e series con tex t
Since the late 1980s the concept o f  integration/stationary has emerged after it was found 
that the use o f non-stationary data2 in causality tests can yield spurious results (Park &
2 As stated by Patterson (2000), “If the series is non stationary then it can be differenced to stationarity; it is 
said to be integrated of order d, 1(d), with d  unit roots, where d  is an integer indicating bow many differences 
need to be taken before the series become stationary” (Patterson 2000, p.247).
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Phillips 1989, Stock & W atson 1989). As noted by Granger (1988), “a series can be said to 
be integrated o f  order one, denoted 1(1), i f  its changes are 1(0). 1(1) series are sometimes 
called ‘non-stationary’ because their variance increases linearly w ith time, provided they 
started a finite num ber o f  tim e units earlier. There is plenty o f  em pirical evidence to show 
that macro-economic series often appear to be 1(1). Furtherm ore a causality definition by 
itself makes no assum ptions about w hether the series being considered are 1(0) or 1(1), but 
if  they are 1(1) some care has to be taken with their empirical analysis” (Granger 1988, 
p.202). Therefore perform ing the original causality test proposed by Granger (1969) will 
lead to spurious results (Granger & Newbold 1974, Baneijee et al 1993).
In order to m ake certain that the variables in the model are stationary, unit root tests to 
examine the stationary properties o f  variables are generally employed. There are different 
types o f  unit root tests. The m ost popular ones are the Augm ented Dickey Fuller (1981) 
test, henceforth ADF, and the Phillips & Perron (1988) test, henceforth PP, which are 
frequently used in the energy economics literature (e.g. Stem 2000, Narayan & Smyth 
2005 and Yoo 2006).
2.2.1.3 C o in teg ra tio n  an d  causality  in  a tim e series context
An interesting issue is the relationship betw een causation and cointegration. Cointegration, 
as stated by Yoo (2006), can be defined as a systematic co-m ovem ent am ong two or more 
economic variables over the long nm . The concept o f  cointegration was originally 
introduced by Granger (1981) and Engle & Granger (1987). This is a useful statistical tool 
to test for the long-run equilibrium  relationships between non-stationary time series. As 
stated by Yu & Jin (1992), cointegration, unlike the Granger-causality test, does not 
discern the causal directions between the variables. This disadvantage, nevertheless, is far 
less serious i f  there are no relationships between the variables. However, Granger (1988) 
and Engle & Granger (1987) argued that if  a pair o f  1(1) series are co-integrated, there 
m ust be causation in at least one direction. Then the series will be generated by an ‘error- 
correction’ model (ECM ). An implication is that some tests o f  causation based on different 
series m ay have m issed one source o f  causation. Granger (1988) also noted that 
cointegration is concerned w ith the long nm  relationship equilibrium  (whereas the 
causality is also concerned with short-run forecast ability). In the error-correction model, 
there are two possible sources o f  causation o f  dependent variable (X t) by lag independent 
variables (Yt.O either through the error correction (EC) term if  the EC coefficient is not
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zero, or through the lagged AYt terms, i f  they are presented in the equation.3 In other 
words, although cointegration implies the presence o f  Granger causality it does not 
necessarily identify the direction o f  causality between variables. The causal relationship 
can be captured through the vector error-correction m odel derived from the long-run 
cointegrating vectors (Granger 1986, 1988).
2.2.1.4 T esting  fo r co in teg ration  in a tim e series context
There are m any possible tests for cointegration. The m ost com m on tests are based on 
Engle & Granger (1987), Johansen (1988, 1991) and Johansen & Juselius (1990).
Engle & G ranger (1987) originally developed the cointegration test which is known as 
Engle & G ranger two-step procedure (EG). According to Engle & G ranger (1987), if  X 
and Y are both non-stationary, one would expect that a linear com bination o f X  and Y 
would be a random walk. However, the two variables m ay have the property that a 
particular com bination o f  them is stationary. Thus, i f  such a property holds true, then we 
say that X and Y are co-integrated. In other words, X and Y are defined as being 
cointegrated if  the linear com bination o f  X  and Y is stationaiy but each variable is not 
stationary. I f  X  and Y each are non-stationary and co-integrated, then any standard 
Granger-causal inferences will be invalid and a more com prehensive test o f  causality based 
on an error-correction model, should be adopted (Engle & G ranger 1987)4. However, if  X 
and Y are both non-stationary and the linear com bination o f  the series o f  two variables is 
non-stationary, then the standard Granger-causality test should be adopted (Toda & 
Phillips 1993, Yoo 2006). Therefore, it is necessaiy to test for the cointegration property o f 
the data series before perform ing the Granger-causality test.
The EG method has some limitations since it cannot deal w ith the case where more than 
one cointegrating relationship is possible. To solve this problem , therefore, Johansen’s 
vector auto regression (VAR) test o f  integration (Johansen 1988) uses a ‘system s’
3 The technical aspects of this will be explained fully in Chapter 3.
4 The standard Granger-causality test can overlook causal effects while the causality test based on an error 
correction model possesses two avenues rather than one through which causal effects can emerge and can 
uncover any causality. For example, in Glasure & Lee’s (1997) research, the use of error correction models 
uncovered bi-directional causality between energy consumption and real GDP in Korea and Singapore, but 
the use of the standard causality tests found no causal relationship for Korea and uni-directional causality for 
Singapore.
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approach to cointegration that allows determ ination o f  up to r linearly independent 
cointegrating vectors (r < g -1), w here r is the num ber o f  cointegration vectors and g is the 
num ber o f  variables tested for cointegration. Johansen’s m ethod treats cointegration vector 
as homogeneous across members.
Johansen (1988, 1991) and Johansen & Juselius (1990) developed a cointegration test 
using the V AR approach which has become known as the ‘Johansen m axim um  likelihood 
procedure’.5 This approach has enabled testing for the presence o f  all long-run 
relationships that the Engle-G ranger test m ight have failed to reveal. The Johansen 
procedure is a V A R based test on restrictions imposed by co integration in the unrestricted 
VAR. The null hypothesis in consideration is Ho, that there are different numbers o f  
co integration relations, against H i, that all series in the V A R  are stationary. In order to 
determine the num ber o f  cointegrating equations, the Johansen m aximum likelihood 
method provides two different likelihood ratio tests. One is based on the trace statistic6 and 
the other one is based on the m axim um  eigen value.7,8 It is to be noted that the variables in 
the model should have the same order(s), and in particular are integrated o f  order one 
(Engle & G ranger 1987).
Johansen (1988, 1991) also pointed out that if  cointegration does exist, a Vector Error 
Correction M odel (VECM ) m ay be estimated. He suggested that the m odel incorporates 
parameters that allow us to analyze the causality relationships w ithout incurring a 
specification error. This error would be m ade when analysing the causality in an 
unrestricted VA R model (short-run causality), since the part corresponding to the detected 
cointegration relationship would be ignored (long-run causality) and w ould be incorporated 
in the VECM  m odel through the Error Correction Term. Thus, in order to test long- and 
short-run relationships am ong the time series, restrictions on the cointegration vectors, the 
adjustm ent coefficients and the short-run coefficients in VECM  have been imposed 
(Clim ent & Pardo 2007).
5 Or the ‘Johansen procedure’ for short.
6 The trace statistic tests the null hypothesis (H0) that there are r cointegration vectors, against the alternative 
hypothesis (HO that at least, r+1 cointegration vectors, where r goes from 0 to 1, exist.
7 The maximum eigen values tests the null hypothesis (H0) that there are, as a maximum, r cointegration 
vectors, against the alternative hypothesis (HI) that exists, as maximum, r+1 cointegration vectors, where r 
goes from 0 to 1.
8 According to Cheung & Lai (1993), the trace test yield more robustness to both skewness and excess 
kurtosis in the residual than the max-eigen value test.
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W hen perform ing cointegration tests, a sensible lag structure needs to be determined. The 
m ost common criteria used in the literature9 is the Schwartz Inform ation Criteria (SIC) 
w ith the critical values based on the response surface coefficients from M acKinnon et al
(1999).
2.2.1.5 L ag  leng th  c r ite ria  fo r causality  m odel
The literature has shown that the result o f  causality is veiy  sensitive to the lag length used 
in the causality models. There are m any different criteria used in selecting an appropriate 
lag for the model. As noted by Thornton & Batten (1985), ad hoc approaches, such as 
considering a few arbitrary lag structures or employing som e ‘rule o f  thum b’ can produce 
misleading results. They used three different criteria10 for specifying the lag length in their 
causality m odel (causality betw een m oney and income) and found that A kaike’s FPE 
criterion perform ed well in selecting the m odel relative to the others. FPE yields relatively 
m ore importance to unbiasness over efficiency.
Hsiao (1981) introduced a step-w ise procedure based on G ranger’s concept o f  causality 
and A kaike’s final prediction error criterion in his VAR bivariate model. “The m odel 
seems useful because it can serve as a reduced form formulation to avoid imposing often 
spurious or false restrictions on the model. It also provides a reasonably powerful test o f 
causality.” (Hsiao 1981, p.87). As noted by Hsiao (1982), there are m any different criteria 
in selecting an approxim ate lag for the model. A kaike’s (1969, 1970) FPE criterion is 
superior as it fits in nicely w ith the idea o f  evaluating the predictability in  terms o f  mean 
square prediction error.
Hsiao (1981, 1982) points out that to select the order o f  lags in the model using the 
m inim um  FPE is equivalent to applying an approxim ate (F-test) w ith vaiying significance 
levels. The m ajor difference between applying A kaike’s FPE criterion and the 
conventional hypothesis testing procedure to decide if  a variable should be included in the 
equation, is in the choice o f  significance level. He argues that the conventional choice o f  a 
5% or 1% significance level is a d  h o c  w hilst the FPE criterion is based on an explicit 
optimality criterion (that o f minim ising the mean square prediction error). Consequently,
9 Recent empirical energy economic studies that use SIC criteria when performing cointegration test are Lee 
& Chang (2005), Ciiment & Pardo (2007).
10 The first is Akaike’s (1970) final prediction error (FPE) suggested by Hsiao (1981). The second is the 
Bayesian estimation criterion (BEC) suggested by Geweke & Meese (1981). The third technique is suggested 
by Pagano & Hartley (1981).
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the FPE frees the m odel from the ambiguities inherent in the application o f conventional 
procedures.
According to Akaike (1969, 1970), the FPE is defined as the expected variance o f  the 
prediction error (asymptotic m ean square o f  the prediction error). H e also suggests that a 
decision procedure about the order o f  a uni-variate stationary autoregressive process and/or 
on the inclusion or exclusion o f  a variable in the m odel based on the minimum FPE 
criterion is appealing. This is because it balances the risk due to the bias when a lower 
order is selected and the risk due to an increase in the bias when a higher order is selected. 
In other words, the m inim um  FPE can provide the optimum  num ber o f  lags for the model, 
since too many lags or too few lags m ay lead to bias estim ates and hence m isleading 
results.
2.2.1.6 S um m ary
In this thesis the Granger causality concept is therefore adopted since it is widely used and 
accepted among economists. For causality in the time series context, Hsiao’s Granger 
causality is adopted as it provides a sensible and systematic technique for selecting the 
* optimum  lag for the m odel11 and it is also w idely used in the literature. Furthermore in 
order to capture the long run relationships am ong variables in the time series model, 
cointegration is adopted coupled w ith ail error correction m odel (ECM ) which provides 
both short run and long run causation as som e sources o f  causation m ight be missed in the 
standard Granger causality model. It is found in the literature that ECM  is well established 
since the 1980s and w idely used as the m odel helps to capture all sources o f  causation. So 
it is vital to use ECM for the case w here cointegration is found.
For the procedure o f  the causality test, a unit root test for the stationarity and integration o f 
time series variables, which is the first requirem ent o f  the causality test, has been adopted. 
The Augmented Dickey Fuller (ADF) test is used since it is by far the most widely and 
frequently used in the literature. To perform  cointegration tests, which is the second step, 
the Johansen method, based on Johansen (1988 and 1991) and Johansen & Juselius (1990) 
is used, given its power and popularity in the literature. For the final step, Hsiao’s Granger 
causality is used on both the standard model if  cointegration is not found and on the error 
correctional model i f  cointegration is detected, given the im portance o f  determining the
11 See details in Chapter 3.
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2.2.2 P anel causality  A p p ro ach
2.2.2.1 In tro d u c to ry  re m a rk s
M ost o f  the earlier w ork tested causality in a tim e series analysis framework. Recently 
causality work has been enhanced using panel data since the technique can take 
heterogeneous country effect into account in a single estim ation by allowing for individual- 
specific variables. M oreover, it can help to overcom e the problem  o f  short time span o f 
time series data w hich m ay lose degree o f  freedom  o f  the model and hence lead to bias the 
estimation.
2.2.2.2 B enefit o f using  ‘p an e l d a ta ’
There are some studies that refer to the advantages o f  panel data. Gujarati (2003) provides 
the following list o f  advantages o f  panel data, w hich were earlier proposed by Baltagi 
(1995), as follows:
1. Since panel data related to individuals, firms, states, countries, etc., over time, there 
is bound to be heterogeneity in these units. The techniques o f  panel data estim ation 
can take such heterogeneity explicitly into account by allowing for individual- 
specific variables.
2. By com bining tim e series o f  cross-section observations, panel data gives more 
informative data, m ore variability, less collinearity am ong variables, more degrees 
o f  freedom and m ore efficiency.
3. By studying the repeated cross section o f  observations, panel data are better suited 
in the study o f  the dynam ics o f  changes.
4. Panel data can better detect and m easure effects that simply camiot be observed in 
pure cross-section or pure time series data.
5. Panel data enables us to study m ore complicated behavioural models, for instance 
phenom ena such as economies o f  scale and technological changes.
6. By making data available for several thousand units, panel data can minimise the 
bias that m ight result i f  we aggregate individuals of firms into broad groupings. 
(Gujarati 2003, p .637)
‘correct’ lag structure. These procedures are explained fully in Chapter 3.
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2.2.2.3 B enefit o f using ‘p an e l co in teg ration  tech n iq u e’
The emphasis o f  the literature on unit roots and cointegration in panel data has been the 
attem pt to combine inform ation from  the time series dim ension w ith that obtained from the 
cross-section dimension. This is in the hope that inferences about the existence o f  unit 
roots and cointegration can be m ade more straightforward and precise by  taking account o f  
the cross-section dimension. Furtherm ore it helps in an environm ent in which the time 
series for the data m ay not be very long but very sim ilar data m ay be available across a 
cross section o f  units such as countries, regions, or industries. Recent literature, as 
discussed below, suggests that panel-based unit root tests have higher pow er than unit root 
tests based on individual tim e series which are explained in the following ways.
As stated by Baltagi & Kao (2000), “adding the cross section dim ension to the time series 
dim ension offers an advantage in testing for nonstationary and cointegration. The addition 
o f  the cross section dim ension, under certain assumptions, can act as repeated draws from 
the same distribution. Thus as the time and cross section dim ension increase panel test 
statistics, and estimators can derived which converge in distribution to norm ally distributed 
random variables” (Baltagi & Kao 2000, p.8).
Campbell & Perron (1991) have stated that the conventional unit root tests are known to 
have lim ited power as against alternative hypotheses with highly persistent deviations from 
equilibrium, particularly in the case o f  sm all samples, since it w ill w eaken the power o f the 
unit root test, and o f  the cointegration and causality tests, thereby giving rise to distorted 
and m ixed results. This is confirm ed by Perron (1991), who pointed out that the span o f  the 
individual data sets m attered in terms o f  the pow er o f  the cointegration tests.
A l-Iriani (2006) m ade sim ilar com m ents and suggested that the adoption o f  recently- 
developed panel techniques in relation to the unit root, cointegration and causality tests 
could eliminate the problem s associated with the low power o f  the traditional unit root and 
cointegration tests.
M addala & W u (1999) also argue that the traditional unit root tests such as the Dickey 
Fuller (DF), augm ented D ickey Fuller (ADF) and Phillips Perron (PP) tests lack power in 
distinguishing the unit root null from stationary alternatives, and that using panel data unit 
root tests is one way o f  increasing the pow er o f  unit root tests based on a single time series. 
See, for example, the arguments in Oh (1996), W u (1996) and M acDonald (1996), who try
a
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to resurrect the purchasing power parity (PPP) theoiy using panel data unit root tests. 
Pierse and Snell (1995) also point out that pow er o f  an individual unit root test can be 
distorted when the span o f  data is short. Therefore, the above illustrates the advantages o f  a 
panel co integration approach, particularly the use o f  panel unit root, cointegration and 
causality tests.
2.2.2.4 U n it ro o t testing  in  a panel con tex t
There is a vast am ount o f  literature on testing for unit root using time series data but it is 
only recently that som e procedures have been suggested for panel data models. The most 
significant recent developm ent studies in the panel unit root tests include Levine, et al 
(2002, henceforth LLC), Im, et al (2003, henceforth IPS), M addala & W u (1999), Choi 
(2001, 2004), Hadri (2000)l2. In all these studies the unit root is the null hypothesis to be 
tested.13 Am ong these studies, LLC (2002) and IPS (2003)14 are com m only used in the 
literature.15 Both o f  the tests are based on the ADF principle.
According to LLC (2002), the m odel allows for fixed effects and unit-specific time trends 
in addition to com m on time effects. In other words, the test allows for individual specific 
intercepts and time trends. The M onte Carlo simulations from his study indicate that the 
normal distribution provides a  good approxim ation to the empirical distribution o f  the test 
statistic in a  panel o f  moderate size, and that the panel-based unit root test is dramatically 
higher, com pared to perform ing a separate unit root test for each individual time series. 
However, the LLC fram ework was restrictive in the sense that it assum es homogeneity in 
the dynamics o f  the autoregressive coefficients for all panel members whilst IPS (2003), 
which is based on likelihood framework, allows for heterogeneity in these dynamics, and is 
described as a ‘heterogeneous panel unit root test’. His M onte Carlo results show that the 
test allows for residual serial correlation and heterogeneity o f  the dynamics and error 
variances across groups.
Al-Iriani (2006) pointed out that IPS is m ore general, particularly in the sense that it allows 
for such heterogeneity in choosing the lag length in ADF tests when imposing uniform lag 
length is not appropriate. Furthermore, slope heterogeneity is more reasonable in the case
12 See Baneijee (1999) and Baltagi & Kao (2000) who review other people’s studies such as LLC (2002), IPS 
(1997), Maddala & Wu (1999), etc on panel unit root and cointegration.
13 This is except for Hadri (2000) who presents null hypothesis in the opposite way.
M See details of LLC test and IPS test in terms of equations in Chapter 5.
15 Such as Lee (2005) and Al-Iriani (2006).
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where m ulti country is used. Al-Iriani (2006) also stated that due to the differences in 
economic condition and degree o f  developm ent in each country, the IPS test seems to have 
higher power than other tests in its class, including LLC.
2.2.2.S T esting  fo r co in teg ration  in  a p an e l contex t
Historical literature shows that Johansen’s method is a popular technique for cointegration 
testing. However, while Johansen’s procedure is useful in conducting individual 
cointegration tests, it does not deal w ith a cointegration test in the panel context.
There are a few theoretical studies dealing w ith a panel cointegration framework in the 
literature16. The m ost significant w ork is Pedroni (1999, 2004) who introduced a new 
approach to panel cointegration for investigating the relationship o f  the variables in the 
models and his work has been com m only used am ongst economists. This technique allows 
for the use o f  panel data thereby overcom ing the problem  o f  small samples and also allows 
for heterogeneous effects across cross sections o f  data. Pedroni (2004) indicated that the 
cointegrating vectors m ay be heterogeneous across members o f  the panel in general. The 
dynamics am ong individual m em bers o f  the panel and the heterogeneity in the long-run 
cointegrating vectors are therefore taken into consideration in the test.
Pedroni (1999, 2004) panel cointegration fram ework provides two types o f  tests. The first 
type is based on the ‘w ithin dim ension’ (panel tests) approach. This approach pools the 
data across the ‘within dim ension’. It takes into account com m on time factors and allows 
for hom ogeneity across members. The ‘w ithin dim ension’ test includes four statistics. 
They are the panel v-statistic, panel p-statistic, panel PP-statistic, and panel ADF-statistic. 
These statistics pool the autoregressive coefficients across different members for the unit 
root tests on the estimated residuals. The second type is based on the ‘between dim ension’ 
(group tests) approach w hich allow  for heterogeneity o f  param eters across members, and 
are called ‘group mean cointegration statistics’. This test includes three statistics. They are 
group q-statistic, group PP-statistic and group A D F-statistic17. These statistics are based on 
estimators that sim ply average the individually estimated coefficients for each member. 
Seven o f  Pedroni’s tests are based on the estim ated residuals from the long-run model. The 
distributions o f  the seven statistics are all asymptotically standard normal. Each o f these 
tests is able to accom m odate individual specific short-run dynamics, individual specific
16 These studies include Baltagi & Kao (2000), Banerjee (1999), and Qian & Strauss (2001).
17 See details of statistic tests in Chapter 5.
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fixed effects and determ inistic trends as well as individual specific slope coefficients 
(Pedroni, 2004). The statistics can be com pared to appropriate critical values and if  critical 
values are exceeded then the null hypothesis o f  no cointegration is rejected, implying that a 
long-run relationship between the variables does exist.
2.222.6 E stim a tin g  th e  long  ru n  co in teg ra tin g  re la tionsh ip  in a  p an e l context
Once the cointegration is detected the cointegration vector needs to be estimated. Pedroni
(2000) has developed a new  technique, panel full-m odified OLS (PFM OLS hereafter), to 
estimate the cointegration vector for heterogeneous cointegration panels. He states that this 
helps to correct the standard OLS for the bias induced by the endogeneity and serial 
correlation o f  the regressor. In the PFM OLS setting, non-param etric techniques are 
exploited to transform  the residuals from the cointegration regression and thereby 
eliminate nuisance parameters.
Panel cointegration and PFM OLS techniques have been em ployed successfully in a
num ber o f  applications. The m ajority o f  the studies are undertaken in the financial
economic literature particularly on exchange rates and economic grow th.18,19
2 .2 .2 .1  C au sality  testing  in a  p an e l co in teg ration  context
Johansen’s V A R procedure and Pedroni’s heterogeneous panel cointegration test only look 
for the existence o f  a long-run relationship. They both indicate the presence or absence o f  a 
long-run relationship betw een the variables, but do not indicate the direction o f causality. 
According to the past literature, w hen testing causality in a panel context, the standard
18 The studies that use the Pedroni panel cointegration method are for example Canzoneri, et al (1996), Chinn 
(1997), Obstfeld &Taylor (1996). Pedroni (1995), and Taylor (1996).
19 The studies that adopted Pedroni FMOLS estimation are Pedroni (2001), Alexius & Nilson (2000), 
Canzoneri, et al (1996), and Chinn (1997). All applied Pedroni (1996) method, PFMOLS to test the 
Samuelson-Balassa hypothesis that long run movements of real exchanges are driven by difference in long 
run relative productivities among countries. There are some other examples of the use of the panel FMOLS 
estimation in the literature. Neusser & Kugler (1998) adopted the test from Pedroni (1996) to investigate the 
connection between financial development and growth. Kao, et al (1999) use a panel FMOLS estimator and 
compare it to a panel DOLS estimator to investigate the connection between research and development 
expenditure and growth. Keller & Pedroni (1999) use the group mean panel estimator presented in this 
chapter to study the mechanism by which imported R&D impacts growth at the industry level and 
demonstrate the attractiveness of the more flexible form of the group mean estimator. Canning & Pedroni
(1999) use the same group mean panel FMOLS estimation as a first step estimator to construct a test for the 
direction of long run causality between public infrastructure and long run growth. Finally Pedroni & Wen
(2000) make use of the group mean panel FMOLS estimator as a first step estimator in an overlapping 
generation model to identify the position of the U.S., Japanese and European economies relative to the 
“golden rule”, and the extent to which social security transfer programs can move economies closer to this 
position.
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Granger method and the traditional two-step EG causality procedure are widely adopted. If 
cointegration is not detected, the panel causality is performed based on the standard 
Granger. But if cointegration is found, causality is traditionally tested by the standard two- 
step EG causality procedure, using an error-correction model.
2.2.2.8 Summary
In this thesis, in order to perform causality in the panel context, first, the two unit root tests 
recently developed by LLC (2002) and IPS (2003) are adopted. They are popular among 
empirical researchers and are widely accepted in the sense that the tests allow for residual 
serial correlation and heterogeneity of the dynamics and error variances across groups. 
Secondly panel co integration tests developed by Pedroni (1999, 2004) are used given their 
popularity and that they allow for heterogeneity among the individual members of the 
panel whilst the Johansen technique cannot give this option. Moreover the PFMOLS 
technique, based on Pedroni (2000) is used to estimate the cointegration vector for 
heterogenous cointegration panels because this method helps to correct the standard OLS 
for the bias induced by the endogeneity and serial correlation of the regressor. 
Furthermore, there are many applications in the literature using this technique. Finally a 
panel causality test based on the traditional E-G two step procedure is conducted. In the 
case of no evidence of cointegration causality, the test will be undertaken on a standard 
panel model. Nevertheless, if cointegration is detected, causality will be tested on a 
dynamic panel error correction model. The detail of these methods is fully explained in 
Chapter 5.
2.2.3 Concluding remarks (methodology development of testing ‘causality’)
Since the late 1970s the literature on ‘causality’ in investigating the relationship between 
energy and economic growth has grown considerably. Most of these studies use time series 
data to test for causality. Recently, causality studies have been enhanced using panel data 
since the method can take account of the heterogeneous countiy effects and also increase 
the degree of freedom in the model.
Table 2.1 shows that there have been a number of empirical studies investigating energy- 
GDP causality, all based upon the ‘Granger-causality’ principle (Granger 1969). Although 
Granger-causality is the key definition adopted, there have been a range of methodologies 
employed, partly explained by the development of new econometric techniques.
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Considering the different methodologies the studies can be categorised into four main 
groups. The'first three groups test causality in the time series context20 whereas the last 
group test causality in the panel cointegration context. The majority of these studies test 
causality in the bivariate framework.
The first group use the conventional methodologies developed by Granger (1969) 
and Sims (1972), the majority being undertaken in the USA for developed countries 
covering the period 1947 to 1988.
The second group use cointegration and the Error Correction Model (Granger 
1988), with several separate studies undertaken for a number of developed and 
some developing countries covering the period 1950 to 2002.
The third group use the Hsiao (1981) technique which enhances Granger-causality 
by incorporating the use of the Akaike (1969) Final Prediction Error (FPE) criteria; 
with studies for the USA, Latin America and several Asian Countries covering the 
period 1947 to 2000.21
The fourth group use a panel cointegration approach which expand Granger- 
causality by combining the use of panel fully modified ordinary least square 
(PFMOLS) technique (Pedroni 2000), with a few energy studies for the panel of 18 
developing countries for the period 1975-2001 and the panel of 6 Gulf countries for 
the period 1971-2002.
Based on these methodologies, this thesis, therefore, applies both time series and panel 
cointegration approaches in a bivariate framework since this framework allows for 
systematic causality testing for a large number of countries where only the energy and 
GDP data are available.
20 The studies in these groups have generally considered a single country or at most a small group of 
countries.
21 In addition a very few recent articles, published after the analysis was completed for this thesis, use the 
recent development technique such as Dolado-Lutkepohl adaptation of the Granger method (see Altinay & 
Karagol (2005)) and the Toda & Yamamoto adaptation of the Granger method (see Wolde-Rufael (2005, 
2006), Lee (2006), and Narayan & Singh (in press)).
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2.3 General overview of empirical causality results from previous studies
The above has given an overview of the key methods used in this thesis. The following 
section will now review the empirical work in the literature about causality between energy 
and economic growth in both time series and panel contexts. As will be seen there are a 
large number of empirical studies in a time series context but only a few studies in a panel 
context.
2.3.1 Time series causality studies between energy and economic growth
2.3.1.1 Pioneer studies before 1980
According to Table 2.1, most of the earlier causality studies22 during the period between 
1978 and 1992 were undertaken for the USA. Most adopted the technique of Granger 
(1969) and Sims (1972) to investigate the causality between energy and GNP or 
employment in the USA in the period ranging from 1947 to 1990 as explained below.
The pioneering work in this area was Kraft & Kraft (1978) who found, using Sims (1972) 
causality test for the post war period 1947-1974, causality running from GNP to energy 
and not vice versa. However, the result was questioned by Akarca & Long (1980) who 
used the same technique and found that the possible spurious nature of this result was 
attributed to the choice of the sample size. They shortened the data sample of Kraft & 
Kraft (1978) by two years and failed to obtain the result reported in the earlier study. This 
may imply that causality results might be affected by using different sample size.
Another study by Akarca & Long (1979), who applied the Granger (1969) criteria to 
investigate energy and employment in the USA, used monthly data from January 1973 - 
March 1978. They found a negative unidirectional causality from energy to employment 
without feedback or in other words, employment is affected by the energy availability 
inversely after a delay of eight months.
Additional empirical evidence on these arguments was supplied by Yu & Hwang (1984) 
who applied the ‘Sims’ test to an updated data sample for the period 1947-1979 and found 
no causality. The result tends to support the earlier finding of Akarca & Long (1980). They
22 This includes Kraft & Kraft (1978), Akarca & Long (1979), Akarca & Long (1980), Yu & Hwang (1984), 
Yu & Choi (1985), Erol & Yu (1987), Yu et al (1988) and Abosedra & Baghestani (1991).
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also found that there is slight unidirectional flow running from employment to energy 
consumption. This was contrary to the earlier work of Akarca & Long (1979) which could 
not find this evidence.
Yu & Choi (1985) attempted to extend the analysis of Yu & Hwang (1984) using ‘Sims’ 
and ‘Granger’ causality tests in two ways. First they examined causality between energy 
and GNP for a small gr oup of different countries for the first time. Second, in addition to 
testing causality between total energy and GNP, they also attempted to examine causality 
between disaggregate categories of energy including solid fuels, natural gas, and others 
(i.e. hydro, nuclear and electricity). Five countries (USA, the UK, Poland, South Korea, 
and the Philippines) all in different stages of development were selected. A major finding 
was that the causality varies between countries and the test results are fairly sensitive to 
sample size. For example in the USA, causality from GNP to energy is detected using the 
data from 1947 to 1974, consistent with the findings of Kraft & Kraft (1978). However, 
results based on the extended data to 1979 found no causality in any direction, which 
supports the results of Yu & Hwang (1984). For other countries, causality from natural gas 
to GNP is found in the UK and causality from liquid fuels to GNP is detected in South 
Korea. For the Philippines causality from energy to GNP is detected. However, for Poland, 
which was communist during that period, causality is not found in any direction. They 
point out that “the diverse and conflicting results may be attributed to the heterogeneity in 
the climatic condition, the consumption patterns, and in the structure and stages of 
development of the economies selected for this study” (Yu & Choi 1985, p.254).
Unlike Yu & Choi (1985), Erol & Yu (1988) selected a sample of six major industrialised 
nations; Japan, West Germany, Italy, Canada, France and the UK and used a slightly 
longer sample period covering 1950-1982. They used Sims and Granger causality tests to 
analyse the energy and real income for each country. They also re-conducted the causality 
test using the period 1950-1973 to avoid the effect of significant oil price shocks after 1973 
and the effect of the oil embargo. The results reveal a uni-directional causality from energy 
to real income for the UK and Canada for the period 1950-1973 and 1950-1980 
respectively and a uni-directional causality from real income to energy for West Germany 
and Italy for the period 1950-1982 and Japan for the period 1952-1982 and 1950-1973 and 
a bi-directional causality in the case of Japan for the period 1950-1982. The overall results 
show that the causal relations tend to disappear when the periods with significant oil price
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sh o c k s  are e x c lu d e d  fro m  th e  sa m p le s .
Erol & Yu (1987), Yu et al (1988) and Murry & Nan (1992) attempted to investigate 
causality between US energy and employment using monthly data. Erol & Yu (1988) and 
Yu et al (1988) use the same time frame from January 1973 to June 1984 while Murry & 
Nan (1992) use longer periods from January 1974 to December 1988. Erol & Yu (1987) 
applied several techniques including ‘Sims’ while Yu et al (1988) and Murry & Nan
(1992) both used Granger and Sims methodologies. The findings from Erol & Yu (1987) 
and Yu et al (1988) are consistent in that no causality between energy consumption and 
employment is found. However, causality from employment to energy is detected in Murry 
& Nan (1992) when the time period is expanded. This evidence of causality from 
employment to energy seems to support the study of Yu & Hwang (1984) who used yearly 
data from 1948 to 1979 but contrary to the finding of Akarca & Long (1979) who used 
monthly data from January 1973 to March 1978.
Abosedra & Baghestani (1991) also re-examined the causal relationship between US 
energy consumption and GNP using Granger’s technique for the different sample periods; 
1947-1972, 1947-1974, 1947-1979, and 1947-1987. The result is consistent with Kraft & 
Kraft (1978) in that there is causality from GNP to energy, but contrary to Akarca & Long 
(1980), Yu & Hwang (1984), Yu & Choi (1985) and Erol & Yu (1987) who found no 
causality in both directions.
Ebohon (1996) used standard Granger to test causality between energy and real income in 
Tanzania and Nigeria for the period 1960-1984 and 1960-1981 respectively. The results 
show the evidence of bidirectional causality which supports the view that energy plays a 
key role in economic development.
2.3.1.2 Causality studies after 1980s
Since the end of the 1980s, causality between energy and economic growth has been 
investigated using more popular developed techniques such as Cointegration and Hsiao’s 
Granger. The majority of the studies were undertaken for developing countries particular in 
Asia.
There are however a few studies undertaken for the USA such as Yu & Jin (1992), Stem
(1993) and Stem (2000) which attempted to examine causality in the USA using
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cointegration techniques whilst Cheng (1996) used Hsiao’s Granger technique as set out in 
the following explanation.
Yu & Jin (1992) tested whether US energy and output co-integrate. They adopted the two- 
step procedure of Engle & Granger (1987) to test for cointegration using monthly data 
from January 1971 to December 1990. They found that no relationship exists between 
energy consumption and either employment or an index of industrial production. This 
finding is consistent with the previous findings such as Akarca & Long (1980) and Yu & 
Hwang (1984), Yu & Choi (1985) and Erol & Yu (1987) who found short-run neutrality.
Stem (1993) adopted a multivariate setting by using a vector autoregression (VAR) model 
of GDP, energy use, capital stock and employment and then used the Granger-causality 
technique to find the causal relationships between variables in the model during the period 
1947-1990. He pointed out that the advantages of a multivariate Granger test are that they 
can help avoid spurious correlations and can aid in testing the general validity of the 
causation test. He used a Divisia energy aggregate in place of a conventional energy 
aggregate. He concluded that although there is no evidence that gross energy use Granger 
causes GDP, a measure of final energy use adjusted for changing fuel composition does 
Granger cause. This implies that energy is a limiting factor in the growth of the economy.
To extend his work, Stem (2000) investigated the time series properties of GDP, quality 
weighted energy, labour and capital series. He estimated some simple static single 
equation production functions and estimated three versions of a dynamic cointegration 
model using the Johansen methodology. The result supports the conclusion of his previous 
work (Stern, 1993) that energy is a limiting factor in economic growth. Shocks to energy 
supply will tend to reduce output. However, his results from the multivariate model are 
contrary to all previous literature for the USA i.e. Kraft & Kraft (1978), Akarca & Long 
(1980), Yu & Hwang (1984), Yu & Choi (1985), Abosedra & Baghestani (1991), and Yu 
& Jin (1992) who used bivariate framework and found no evidence of causality from 
energy to real income. This implied that some source of causality may be not detected in 
bivarate models but could be found in a multivariate model. However, this is questioned by 
Cheng (1996) who adopted Hsiao’s Granger (1981) technique in his multivariate model 
using three variables; energy, GNP and capital stock to investigate causality between US 
energy consumption and GNP for the same period 1947-1990 as Stem (1993) but found 
that the causality was not detected in his model. This implies that it is not easy to conclude
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that a multivariate model is the only solution to finding all sources of causation which 
might be missed in the bivariate model.23
In short, according to the past literature, the results from testing causality between energy 
and real income and employment for the USA are rather inconclusive. It can be observed 
that these studies used different techniques, time frames, time periods, such as yearly, 
quarterly and monthly, and economic variables, such as GDP, GNP and employment.
Apart from the USA, there have been a number of causality studies for other countries 
using the later developed technique ‘cointegration’ combined with error correction model 
(ECM). The majority of the studies test causality between total energy and real income for 
the developing world. These studies include Nachane et al (1988), Masih & Masih (1996), 
Glasure & Lee (1997), Masih & Masih (1997), Masih & Masih (1998), Asafli-Adjaye 
(2000), Glasure (2002), Hondroyiannis et al (2002), Soytas & Sari (2003), Ghali & El- 
Sakka (2004), Oh & Lee (2004), Paul & Bhattachara (2004), Lee & Chang (2005), and 
Yoo (2005).
The earliest work of causality using the cointegration technique for a group of different 
countries is the study of Nachane et al (1988). They used Augmented Dickey-Fuller (ADF) 
to test integration of variables and then adopted the traditional Engle & Granger (1987) to 
test for cointegration. The results show that 1624 from the original sample of 25 countries 
exhibit evidence of cointegration. The causality is then tested for this group using Granger 
and Modified Sims techniques. The results in general show that there are causal 
relationships between energy consumption and GNP in the majority of the countries, 
except Colombia and Venezuela.
Glasure & Lee (1997) applied the conventional Engle & Granger (1987) techniques in their 
bivariate model to investigate the causal relationship between energy consumption and real 
income for South Korea and Singapore. They also found bi-directional causality in both 
countries.
23 The Multivariate model has been used in the recent empirical work in the literature since it could avoid 
econometric problems caused by a potentially omitted variable bias (Lutkepohl, 1982 and Stem, 1993,2000). 
However the Bivariate model is still popular for testing causality as it can explain the causal link between 
two main variables in the model (Harris & Sollis, 2003 and Gujarati, 2003) and is widely used in cases where 
other related data is sparse.
24 This includes Argentina, Brazil, Chile, Colombia, France, FRG, Greece, Guatemala, India, Israel, Italy, 
Japan, Mexico, Portugal, the UK and Venezuela.
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Asafii-Adjaye (2000) also used Engle & Granger (1987) techniques but in a multivariate 
model (energy, GNP and energy price) for 4 Asian countries: India and Indonesia for the 
period 1973-1995, together with Thailand and Philippines for the period 1971-1995. The 
results show that there is uni-directional causality from energy to GDP in India and 
Indonesia and bi-directional causality in Thailand and Philippines.
Masih & Masih (1996), Masih & Masih (1997), Masih & Masih (1998), Glasure (2002), 
Hondroyiannis et al (2002), Soytas & Sari (2003), and Ghali & El-Sakka (2004) adopted 
the later developed ‘Johansen’s multivariate cointegration’ and ECM techniques to 
investigate the causal relationship between energy consumption and real income in 
different groups of the countries. The following are the conclusions drawn from their 
studies.
Masih & Masih (1996) selected six Asian economies, India, Pakistan, Malaysia, Singapore, 
Indonesia and the Philippines, for their bivariate model using the period of 1955-1990. 
They found cointegration between energy and GDP in only three countries: India, Pakistan, 
and Indonesia. Uni-directional causality from energy to GNP was found in India whilst 
causality from GDP to energy was found in Indonesia. Bi-directional causality was found 
in Pakistan. The result in the case of India supports the finding of the earlier study of 
Nachane et al (1988).
Masih & Masih (1997) selected two Asian Newly Industrialised Countries (NICs), South 
Korea for the period 1955-1991 and Taiwan for the period 1952-1992 while Masih & 
Masih (1998) chose Sri Lanka and Thailand for the period 1955-1991. Marnh. Sc Masih 
(1997) found bi-directional causality for both South Korea and Taiwan while Masih & 
Masih (1998) found uni-directional causal relation from energy to GDP in Sri Lanka and 
Thailand. The result of Masih & Masih (1997) in the case of Korea lends support to the 
finding of Glasure & Lee (1997) who used the conventional Engle & Granger (1987) 
techniques in their bivariate model.
Glasure (2002) also adopted Johansen cointegration in a multivariate framework for Korea 
in the period 1961-1990 and found bidirectional causality between energy and GDP. The 
result lends support to the finding of Masih & Masih (1997).
Hondroyiamiis et al (2002), adopted Johansen cointegration in his trivariate model which
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included energy, GDP and price to investigate the relationship between total energy and 
disaggregate energy consumption, residential and industrial energy consumption in Greece 
for the period 1960-1996. They found bidirectional causality between total 
energy/residential energy and GDP and unidirectional causality from industrial energy to 
GDP. The result of bidirectional causality between total energy and GDP is consistent with 
the finding of Nachane et al (1988) who used standard Granger, Sims and E-G 
cointegration techniques.
Soytas & Sari (2003) selected G-7 countries and emerging countries for their bivariate 
model during the period 1950-1994. Evidence of cointegration was found in Argentina, 
Turkey, Korea, France, Italy, West Germany and Japan. The causality result shows that 
there is uni-directional causality from energy to GDP in Turkey, France, Germany, Japan, 
and on the other hand causality running from GDP to energy in Italy and South Korea. Bi­
directional causality is found in Argentina while causality is not detected in the USA, 
Canada, the UK, Poland and Indonesia. The result in the case of Argentina is consistent 
with the earlier work of Nachane et al (1988). The result in the case of Japan is inconsistent 
with the earlier findings of Erol & Yu (1988), Nachane et al (1988) and Cheng (1998) who 
found bi-directional causality in Japan. The result in the case of Korea lends support to the 
findings of Glasure & Lee (1997) and Masih & Masih (1997) but is inconsistent with the 
finding of Glasure (2002) who found bidirectional causality in Korea. The results of Italy 
are consistent with Erol & Yu (1988) but inconsistent with Nachane et al (1988) who 
found opposite causal direction. The results of uni-causality from energy to GDP in the 
case of France and Germany are inconsistent with Erol & Yu (1988) who found no 
causality in France and found opposite direction of causality running from GNP to energy 
in West Germany. The result of no causality in the USA is consistent with the results of no 
causality in the majority of the earlier studies such as Akarca & Long (1980), Yu & Choi 
(1985), Erol & Yu (1987), Yu et al (1988), Yu & Jin (1992) and Cheng (1996) but 
inconsistent with other previous studies such as Kraft & Kraft (1978), Murry & Nan 
(1992), Stem (1993) and Stem (2000). The result of no causality in Canada is not 
consistent with the previous study, Erol & Yu (1988), who found causality running from 
energy to GNP. Similarly, the result of no causality in the case of UK and Poland lends 
support to the earlier studies, Erol & Yu (1988) and Yu & Choi (1985), who found energy 
to income causality, while the result in the case of Indonesia is not consistent with the 
findings of Masih & Masih (1996), who found causality running from GNP to energy, and
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Asafii-Adjaye (2000) and Fatai et al (2001) who found causality running from energy to 
GDP.
Ghali & El-Sakka (2004) chose Canada for the period 1961-1997 in their studies. They 
used multivariate models and found bi-directional causality. The result does not support 
the finding of the two previous studies, Erol & Yu (1988), who found uni-directional 
causality from energy to GNP using conventional Granger and Sims methods, and Soytas 
& Sari (2003), who used a bivariate model and found no causality in any direction.
Oh & Lee (2004) attempted to extend Stem (1993, 2000) by employing the same four 
variables (energy, GDP, the capital stock and labor) in multivariate Granger causality 
analysis for Korea. Following Stem’s argument that a Divisia energy aggregate should be 
used in place of a conventional energy aggregate, they adjusted energy consumption data 
by excluding the amount used for non-energy puiposes. They adopted the Johansen 
cointegration test and formed a vector error correction model (VECM) instead of a vector 
autoregressive (VAR) model. The results show bi-directional causality which is consistent 
with the findings of Glasure & Lee (1997), who used a bivariate model, and Masih & 
Masih (1996) and Glasure (2002) who used multivariate models. The result is inconsistent 
with Yu & Choi (1985), and Soytas & Sari (2003) who used a bivariate model and found 
one-way directional causality from real income to energy.
Paul & Bhattachara (2004) applied both a conventional Engle-Granger cointegration 
approach combining with standard Granger, and a Johansen multivariate cointegration 
method test on Indian data for the period 1950-1996, and found that bidirectional causality 
exists between energy and GDP. The result is consistent with the earlier work of Nachane 
el al (1988) who used a similar method, E-G procedure. However, the result is inconsistent 
with Masih & Masih (1996), Asfii-Adjaye (2000) and Fatai et al (2001) who found one­
way causality running from energy to GDP and Cheng (1999), who found opposite 
causality running from GNP to energy.
Lee & Chang (2005) applied the Johansen cointegration method to investigate the 
relationship between energy/disaggregate energy and GDP in Taiwan using data for the 
period 1954-2003. They found bidirectional causality between total energy and GDP. The 
result is consistent with the findings of the earlier work of Hwang & Gum (1992) and Yang 
(2000) who used a different method, Hsiao’s Granger method. However, the result is not
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consistent with the finding of Cheng & Lai (1997) who also used Hsiao’s Granger 
technique (See more detail below).
There are also a number of studies using Hsiao’s Granger technique. They are Hwang & 
Gum (1992), Cheng (1996), Cheng (1997), Cheng & Lai (1997), Cheng (1998), Cheng
(1999), Yang (2000), Altinay & Karagol (2004), and Yoo (2006).
The original study was done by Hwang & Gum (1992), who investigated the causal 
relationship between energy and GNP in Taiwan. Bidirectional causality between energy 
and GNP was found in this study.
The majority of the empirical studies using the Hsiao’s Granger methodology were 
undertaken by Cheng, who tested causality for different countries using both bivariate and 
multivariate frameworks. His first study, Cheng (1996), was undertaken for the USA as 
mentioned earlier. The later study, Cheng (1997), investigated causality for three Latin 
American Countries, Mexico, Venezuela and Brazil. He adopted a multivariate model 
(energy, capital, and GNP) for Mexico in the period 1949-1993 and Venezuela in the 
period 1952-1993 and a bivariate model for Brazil in the period 1963-1993. He found no 
evidence of causality between energy and GNP in Mexico and Venezuela but found 
negative bidirectional causality from energy to GDP. The result of no causality in 
Venezuela is consistent with the finding of Nachane et al (1988) but not for the case of 
Mexico and Brazil.
Cheng & Lai (1997) also used the same technique in their bivariate model for Taiwan in 
ibe period 1955-1993 and found one-way causality from GDP to energy. Furthermore, 
Cheng (1998) tested causality between energy and GDP in Japan while Cheng (1999) 
tested causality in India for the same time period from 1952 to 1995. Both used a 
multivariate framework (energy, capital, employment, and GNP) and found causality 
running from GNP to energy.
Yang (2000), and Aqueel & Butt (2001) also adopted Hsiao’s Granger technique to test 
causality between aggregate/disaggregate energy and GDP in their bivariate models. Yang
(2000) tested causality for Taiwan in the period 1954-1997 whist Aqueel & Butt (2001) 
tested causality for Pakistan in the period 1955-1996. Yang found bi-directional causality 
between energy and GDP in Taiwan. The result is consistent with the finding of Hwang &
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Gum (1992) but inconsistent with Cheng & Lai (1997) who used the same technique for 
testing causality in Taiwan.
Turning to other developed methods, there are a few empirical studies such as Fatai et al
(2001), Wolde-Rufuel (2004) and Lee (2006) who used the recently developed technique, 
•Toda & Yamamoto (1995).
Fatai et al (2001) investigated the causal relationship between energy and GDP in New 
Zealand, Australia, India, Indonesia, the Philippines and Thailand for the period 1960- 
1999. They applied standard Granger and Toda & Yamamoto techniques and found one­
way directional causality from GDP to aggregate energy, energy in the industrial sector, 
and energy in the commercial sector in New Zealand and Australia. On the other hand, 
they found causality running from aggregate energy to GDP in India and Indonesia. Bi­
directional causality was found in Thailand and Philippines.
Wolde-Rufael (2005) also used the Toda & Yamamoto method to test for causality 
between total energy and GDP in 19 African countries for the period 1971-2001. They 
found uni-directional causality from GDP to energy in Algeria, Congo Democratic, Egypt, 
Ghana, and Ivory Coast. On the other hand, causality from energy to GDP was found in 
Cameroon, Morocco and Nigeria. Bi-directional causality was detected in two countries, 
Gabon and Zambia, whilst no causality was found in Benin, Congo Republic, Kenya, 
Senegal, Sudan, Togo, Tunisia and Zimbabwe.
Lee (2006) also used the same method to test causality between energy and GDP for the 
G il countries. The result clearly does not support the view that energy consumption and 
income are neutral with respect to each other, except in the case of the United Kingdom, 
Germany and Sweden. Bi-directional causality in the United States and uni-directional 
causality running from energy consumption to GDP in Canada, Belgium, the Netherlands 
and Switzerland were found. Furthermore, the causality relationship appears to be uni­
directional but reverses for France, Italy and Japan which implies that, in these three 
countries, energy conservation may be viable without being detrimental to economic 
growth. This implies that the United Kingdom, Germany and Sweden “may take greater 
responsibility to reduce their C02 emissions because such a reduction in energy 
consumption would not significantly affect economic growth”. Conversely, in Canada,
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Belgium, the Netherlands and Switzerland “the enactment of the Kyoto Protocol will 
actually harm the economy” (Lee (2006), p. 1091-1092).
2.3.2 Time series causality studies between disaggregate energy consumption and 
economic growth
During the past decade the number of empirical studies of causality between disaggregate 
energy and economic growth has been increasing, Murry & Nan (1996), Yang (2000), 
Aqeel & Butt (2001), Ghosh (2002), Hondroyiannis et al (2002), Jumbe (2004), Morimoto 
& Hope (2004), Shiu & Lam (2004), Wolde-Rufael (2004), Altinay & Karagol (2005), 
Narayan & Smyth (2005), Lee & Chang (2005), Yoo (2005), Wolde-Rufael (2006), Yoo 
(2006), Mozumder & Marathe (2007) and Narayan & Singh (in press). The majority of these 
studies test causality between electricity consumption and real income.
It can be seen that the majority of the studies about the causal link between disaggregate 
energy and economic growth have been conducted for developing countries rather than for 
developed countries. Furthermore, as far as it is known, no study between disaggregate 
energy and economic growth has been done for the USA.
The original study investigating the causal relationship between electricity and GDP 
belongs to Murry & Nan (1996). They applied the standard Granger method to test for 
causality in different groups of countries: developing countries, more developed countries 
and industrialised countries for the period 1970 to 1990. The results show causality 
running from GDP to electricity consumption in some developing countries such as 
Colombia, El Salvador, Indonesia, Kenya and Mexico. On the other hand, there was 
causality running from electricity to GDP in more developed countries; Canada, Hong 
Kong, Pakistan, Singapore and Turkey. Causality was found running both ways in the two 
NICs, Malaysia and South Korea.
Morimoto & Hope (2004) adopted the Yang (2000) methodology and used the standard 
Granger to investigate the impact of electricity supply in Sri Lanka in 1960-1996. The 
result showed that electricity supply plays a crucial role in economic growth.
The group of studies that adopted Hsiao’s Granger technique to test causality between 
disaggregated energy and GDP belong to Yang (2000), Aqueel & Butt (2001) and Yoo 
(2006).
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Yang (2000) tested causality between aggregate energy and disaggregated energy such as 
coal, oil, gas, electricity and GDP in Taiwan during the period 1954 to 1997. They found 
bidirectional causality in cases of aggregate energy, coal and electricity. They also found 
unidirectional causality running from gas to GDP and from GDP to oil.
Aqueel & Butt (2001) also tested causal relationship between energy, electricity and oil 
consumption, and GDP and employment in Pakistan for the period 1955 to 1996. They 
found one-way directional causality from energy to employment and electricity to GDP. 
On the other hand, causality ran from GDP to energy and oil consumption.
Yoo (2006) investigated the causal relationship between electricity consumption and 
economic growth among 4 members of the Association of South East Asian Nations 
(ASEAN), namely Indonesia, Malaysia, Singapore, and Thailand, using the standard 
Granger causality and Hsiao’s Granger causality methods for the period 1971-2002. The 
results indicate that there was a bi-directional causality between electricity consumption 
and economic growth in Malaysia and Singapore. This implied that an increase in 
electricity consumption directly affects economic growth and that economic growth also 
stimulates further electricity consumption in those two countries. However, uni-directional 
causality from economic growth to electricity consumption was found in Indonesia and 
Thailand without any feedback effect. Thus, electricity conservation policies can be 
initiated without deteriorating economic side effects in the two countries.
The group of studies that adopted cointegration and ECM methods to test for causality 
between disaggregate energy and GDP belong to Hondroyiannis et al (2002), Ghose
(2002), Jumbe (2004), Narayan & Smyth (2005), Shiu & Lam (2004), Lee & Chang (2005), 
Yoo (2005), Mozumder & Marathe (2007), and Narayan & Singh (in press).
Hondroyiannis et al (2002) distinguish between residential and industrial energy 
consumption and test causality between them and GDP for Greece in the period 1960-1996 
using cointegration and ECM technique. They found bidirectional causality between total 
energy and residential energy and GDP, and unidirectional causality from industrial energy 
to GDP.
Jumbe (2004) and Yoo (2005) adopted the Granger causality and (VAR Johansen (1988, 
1991)) cointegration method to test the relationship between electricity consumption and
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GDP in Malawi for the period 1970-1999, Korea for the period 1970-2002. Both found 
evidence of bi-directional causality.
Ghosh (2002), Narayan & Smyth (2005)25, and Mozumder & Marathe (2007) also adopted 
the above method to test the relationship between electricity consumption and GDP in 
India for the period 1950-1997, Australia for the period 1966-1999, and Bangladesh for 
1971-1999 respectively. They all found one-way causality from GDP to electricity 
consumption in these countries.
The opposite direction of causality (one way from electricity to GDP) is detected by Shiu 
& Lam (2004), Narayan & Singh (in press), and Lee & Chang (2005). Shiu & Lam (2004) 
used the Johansen technique to test causality between electricity and GDP in China for the 
period 1971-2000 using a bivariate model whereas Narayan & Singh (in press) used the 
same method to test causality for the Fiji Islands for the period 1971-2002 but in a 
multivariate framework. Lee & Chang (2005) also used the Johansen cointegration 
technique compiled with structure break tests26 to find the relationship between aggregate 
energy, coal, oil gas and electricity, and GDP in Taiwan during 1954-2003. They found 
uni-directional causality from electricity, oil and gas to GDP and bi-directional causality 
between energy and GDP. The results support the finding of Yang (2000) in the case of 
total energy and gas.
There are a few studies27 such as Altinay & Karagol (2005), Wolde-Rufael (2004), and 
Wolde-Rufael (2006) that test causality between electricity and GDP using the very recent 
newly developed techniques; Dolado-Lutkepohl and Toda & Yamamoto’s Granger. Altinay & 
Karagol (2005) used Dolado-Lutkepohl technique to test causality in Turkey in the period 
1950-2000 while Wolde-Rufael (2004) and Wolde-Rufael (2006) used Toda & Yamamoto’s 
Granger method to test causality in Shanghi for the period 1952-1999 and 17 African countries 
for the period 1971-2001. They found that one-way causality from electricity consumption to 
GDP existed. All used a bivariate framework for their studies. The results from Altinay & 
Karagol (2005), Wolde-Rufael (2004) both showed one way directional causality from 
electricity to GDP. The results of Wolde-Rufael (2006) were rather mixed. Causality between
25 They adopted multivariate Granger causality test using 3 variables; electricity consumption, employment 
and real income in their model.
26 They applied two kinds of Hansen (1992) and Gregory & Hansen (1996) structural break tests in their 
model. See details in Lee & Chang (2005).
27 These papers have been published after the analysis for the thesis was completed.
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electricity consumption and GDP did not exist in Algeria, Congo Republic, Kenya, South 
Africa and Sudan. Causality from electricity to GDP was found in Benin, Congo Democratic 
Republic and Tunisia whilst causality from GDP to electricity was found in Cameroon, Ghana, 
Nigeria, Senegal, Zambia and Zimbabwe.
There are a few studies attempting to test causality between petroleum consumption and 
economic growth. These belong to Hoa (1993), Yang (2000), Aqueel & Butt (2001), Lee & 
Chang (2005) and Zou & Chau (2006).
Hoa (1993) adopted the cointegration method in a bivariate model using Thailand quarterly 
data from January 1966 to January 1991 to test causality between oil consumption and 
GDP. He found evidence of bi-directional causality.
Aqueel & Butt (2001) adopted Hsiao’s Granger technique in a bivariate model to 
investigate causality in Pakistan for the period 1955-1996 and found uni-directional 
causality running from GDP to petroleum consumption.
Yang (2000), and Aqueel & Butt (2001) used Hsiao’s Granger causality in their bivariate 
models. Yang chose Taiwan while Aqueel & Butt chose Pakistan. Both found 
unidirectional causality running from GDP to oil consumption. On the other hand, Lee and 
Chang (2005) used a cointegration technique in a bivariate model and found one-way 
direction causality running from oil consumption to GDP.
Zou & Chau (2006) also used cointegration and ECM methods but in a bivariate 
framework to examine the relationship of oil consumption and GDP in Korea for the 
period 1961-1990 and China for the period 1953-2002. Both found evidence of bi­
directional causality.
It can be seen that a small number of empirical studies in the literature investigating 
causality between petroleum and GDP have been undertaken since 1993. It is noted that all 
studies used bivariate framework in their model. Two techniques, cointegration and 
Hsiao’s Granger were used in these studies.
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2.3.3 Panel causality studies between energy and economic growth
There are few empirical causality studies based on a panel causality framework, 
particularly in the energy field. These studies are undertaken by Lee (2005) and Al-Iriani 
(2006).
Lee (2005) produced the first study investigating energy and economic growth in the panel 
data context. In his paper he re-investigated the co-movement and the causality 
relationship between energy consumption and GDP in 18 developing countries28, using 
data for the period 1975 to 2001. He employed the recently developed tests for the panel 
unit root (based on LLC (2002), IPS (2003), and Hadri (2000)), heterogeneous panel 
cointegration (developed by Pedroni (1999) and a panel full-modified OLS developed by 
Pedroni (2000, henceforth PFMOLS) to estimated the cointegration vector. He used panel- 
based error correction models based on the E-G two step procedure (1987). The results 
showed evidence of a long-run cointegration relationship after allowing for the 
heterogeneous country effect. The long-run and short-run causalities run from energy 
consumption to GDP, but not vice versa. This result indicates that energy conservation 
may harm economic growth in developing countries.
Another study was undertaken by Al-Iriani (2006). This work investigates the causality 
relationship between gross domestic product (GDP) and energy consumption in the six 
countries of the Gulf Cooperation Council (GCC), Bahrain, Kuwait, Oman, Qatar, Saudi 
Arabia and the United Arab Emirates (UAE) during the period 1971-2002. He employed 
the recently developed tests for the panel unit root (based on Im et al 2u03) and for the 
heterogeneous panel cointegration (developed by Pedroni 1999). For the test for panel 
causality, he adopted the panel generalized method of moments (GMM) (proposed by 
Arellano & Bond 1991) to estimate the causal relationship. Al-Iriani found a unidirectional 
causality running from GDP to energy consumption. This evidence supports the hypothesis 
that energy consumption is the source of GDP growth in the GCC countries. This suggests 
that energy conservation policies may be adopted without much adverse effect on the 
growth of GCC economies.
28 South Korea, Singapore, Hungary, Argentina, Chile, Colombia, Mexico, Peru, Venezuela, Indonesia, 
Malaysia, Philippines, Thailand, India, Pakistan, Sri Lanka, Ghana and Kenya.
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2.3.4 Summary
It can be seen from the literature that, the majority of these empirical studies test causality 
in the bivariate model. In a time series context, Standard Granger, Hsiao’s Granger, and 
Cointegration and ECM methodologies are commonly and widely used to investigate the 
causal relationship between energy / disaggregated energy and economic growth since the 
1940s.
Recently, causality studies have been expanded using panel data. The panel unit root (based 
on LLC (2002), IPS (2003), and Hadri (2000)), heterogeneous panel cointegration 
(developed by Pedroni (1999)) have been commonly used. To test for causality, a 
PFMOLS developed by Pedroni (2000) to estimate the cointegration vector and a panel- 
based eiTor correction models based on the E-G two step procedure (1987) is commonly 
used in the literature particular in the financial economics area. There are a few empirical 
studies investigating causality between energy and economic growth in a panel context for 
developing countries. As far as it is known, no study has yet been conducted for the panel 
group of developed countries.
2.4 Discussion of empirical results from previous literature (based on country 
studies)
2.4.1 Aggregate energy and GDP in a time series context
This section aims to demonstrate and discuss the causality results based on an individual 
country basis. The summary table of country results is shown in Table 2.2, which presents 
the causality results for individual selected countries in the developed countries group 
(DCs) and developing countries group such as Asia, Middle East, and Africa.
2.4.1.1 Developed countries
There are a number of studies in the literature investigating causality for 17 developed 
countries in all. The results vaiy depending on which country is studied. The following 
briefly analyses the results for each of the 17 countries.
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For Belgium, only one study by Lee (2006) investigated causality for the period 1960-2001 
using a newly developed technique, Toda & Yamamoto’s Granger, and found bi­
directional causality from energy to GDP.
For Canada, there are four studies by Erol & Yu (1988), Soytas & Sari (2003), Ghali & El- 
Sakka (2004) and Lee (2006) investigating causality using different frameworks and 
finding diverse results. Erol & Yu used standard Granger and Sims techniques in bivariate 
model for the period 1950-1980 and found causality running from energy to GDP. Soytas 
& Sari (2003) used cointegration in bivariate model for the period 1950-1992 and found no 
causality whilst Ghali & El-Sakka also adopted cointegration technique but in multivariate 
model for the period 1961-1997 and found bi-directional causality. Lee (2006) used Toda 
& Yamamoto’s Granger technique for the period 1965-2001 and found only uni-directional 
causality running from energy to GDP. This implies that different techniques might yield 
different results.
For France, there are four studies by Erol & Yu (1988), Nachane et al (1988), Soytas & 
Sari (2003), and Lee (2006) in the literature. The first three used rather similar 
conventional methods, Granger, Sims and cointegration for similar periods ranging from 
1950-1992. They yield the same result of uni-directional causality from energy to GDP. 
The last study by Lee used a different technique, Toda & Yamamoto for the different 
period (1960-2001), and found different results of uni-directional causality from GDP to 
energy.
However, this is not the case for Germany where the results are found to be different from 
the studies by Erol & Yu (1988), Soytas & Sari (2003), and Lee (2006). Erol & Yu (1988) 
found uni-directional causality from GDP to energy while Soytas & Sari (2003) found 
opposite direction and Lee (2006) found no evidence of causality. This implied that using 
different techniques and time frames may yield different results.
For Greece, there are two studies by Nachane et al (1988) and Hondroyiannis et al (2002) 
which yield different results. Nachane et al used conventional Granger, Sims and 
cointegration methods and found uni-directional causality from energy to GDP whereas 
Hondroyiannis et al, who used a cointegration method in a multivariate framework for the 
period 1960-1996, found bi-directional causality. This implies that using different models 
may yield different results.
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For Italy, there are four previous studies; Eroi & Yu (1988), Nachane et al (1988), Soytas 
& Sari (2003) and Lee (2006). The results from Erol & Yu, Soytas & Sari and Lee are 
similar which show uni-directional causality from GDP to energy. The results from 
Nachane et al are different from the first three studies. Nachane et al found opposite uni­
direction of causality running from energy to GDP.
For Japan, there are five studies, Erol & Yu (1988), Nachane et al (1988), Cheng (1998), 
Soytas & Sari (2003) and Lee (2006). The first two used similar conventional, Granger and 
Sims methods for the similar period (1950-1982 and 1950-1985) and yield similar results 
of bi-directional causality, while Cheng used the later developed technique, Hsiao’s 
Granger for longer periods (1952-1995). Soytas & Sari (2003) and Lee (2006) use different 
methods7 cointegration and Toda & Yamamoto’s Granger for the period 1950-1992 and
1960-2001. Cheng (1998) and Lee (2006) found the same results of causality running from 
GDP to energy, whilst Soytas & Sari (2003) found different result of causality running 
from energy to GDP. This implies that the result can be varied when different techniques 
and timeframes are applied.
For Korea, there are six studies Yu & Choi (1985), Cheng & Lai (1997). Masih & Masih 
(1997), Glasure (2002), Soytas & Sari (2003) and Oh & Lee (2004) investigated causality 
in an overlap period ranging from 1950-1999. All adopted cointegration method except Yu 
& Choi who used Granger and Sims technique and Cheng & Lai who used Hsiao’s 
Granger method. The majority of the studies in this group show consistent results of bi­
directional causality. The other two are the study of Yu & Choi which yielded the result of 
uni-directional causality from GDP to energy, while the study of Soytas & Sari (2003) 
yielded opposite causality of uni-direction running from GDP to energy.
For Netherlands, there is only one study by Lee (2006) who adopted the new recent 
technique, Toda & Yamamoto’s Granger to investigate causality for the period 1960-2001. 
Bi-directional causality from energy to GDP was detected in this country.
For New Zealand, there is also one study by Fatai et al (2001) investigating causality for 
the period 1960-1999 using Toda & Yamamoto’s Granger technique. They found uni­
directional causality running from GDP to energy.
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For Poland, there are two causality studies, Yu & Choi (1985) who used Granger and Sims 
method for the period 1950-1976, and Soytas & Sari (2003) who used cointegration 
technique for the period 1950-1992. They both yield the same results where causality was 
not detected.
For Sweden and Switzerland, there is only one study by Lee (2006) investigating causality 
in these countries for the period 1960-2001 using Toda & Yamamoto’s Granger. Uni- 
directional-causality from energy to GDP was found in both countries.
For Turkey, there are two causality studies Soytas & Sari (2003) and Altinay & Karagol
(2004) using different techniques. Soytas & Sari used co integration for the period 1950- 
1992 and found uni-directional causality running from energy to GDP whilst Altinay & 
Karagol used Hsiao’s Granger for the period 1950-2000 and found no evidence of 
causality.
For the UK, there are four studies, Erol & Yu (1988) and Nachane et al (1988), Soytas & 
Sari (2003) and Lee (2006). The first two, earlier, studies both used Granger and Sims, but 
Nachane et al also applied co integration in their studies. Erol & Yu investigated causality 
for a similar period, 1950-1982 and 1950-1985. Both yielded opposite results. Erol & Yu 
found no causality whilst Nachane et al found bi-directional causality. The last two studies, 
Soytas & Sari (2003) and Lee (2006) used different methods, cointegration and Toda & 
Yamamoto in their bivariate models for the different periods 1950-1992 and 1960-2001 
and all found no causality.
For the USA, there are a number of causality studies for this country. The pioneer studies 
were undertaken by Kraft & Kraft (1978), Akarca & Long (1980) who used Sims method 
for the period 1947-1974 and 1947-1972 respectively. They found different resultsf, uni­
directional causality from GDP to energy, and no evidence of causality. Yu & Hwang 
(1984) and Yu & Choi (1985) used Granger and Sims for the period 1947-1979 and 1950- 
1976. They also found different results, no causality and uni-directional causality from 
energy to GDP. Abosedra & Baghestani (1991) used the Granger method testing causality 
for the different time frame ranging from 1947-1974. They found no causality in most 
cases. Stem (1993) also used the Granger concept to investigate causal relationship 
between energy and economic growth in multivariate framework for the period 1947-1990 
and found evidence that energy causes GDP. Cheng (1996) used Hsiao’s Granger to test
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causality for the period 1947-1990 and found no causality. Stem (2000) used cointegration 
in his multivariate framework for the period 1948-1994 and found the same results as his 
previous study, Stern (1993). Soytas & Sari (2003) used cointegration in bivariate model 
for the period 1950-1992 and found no causality while Lee (2006) adopted a new 
technique, Toda & Yamamoto in bivariate framework for the later period 1960-2001 and 
found causality from energy to GDP. It can be seen that the majority of the causality 
studies in the USA used a bivariate framework rather than a multivariate framework. The 
results from these studies are rather varied across different methodologies and time frames. 
Furthermore, about half of the results show no evidence of causality.
In summary, the causality results from the studies in this group show evidence of causality 
as a whole, however, the direction of causality varies across countries and even within each 
individual country such as the USA, Japan, Italy, Germany, Greece, Turkey and the UK. 
There are only two countries, France and Poland, that yield consistent results from 
different studies. Uni-directional from energy to GDP was found in France and no 
causality was found in Poland. The results could not be comparable within each individual 
country itself in the following four countries, Belgium, the Netherlands, Sweden and 
Switzerland, since the results come from only one study by Lee (2006). However, the 
results show unidirectional causality from energy to GDP in these four countries.
2.4.1.2 Asia
There are a number of studies in the literature investigating causality in 10 Asian countries. 
The results vary across the countries, which will be explained below.
For China, there is only one study by Wolde-Rufael (2005) investigating causality in 
Shanghai using Toda & Yamamoto’s Granger for the period 1952-1999, which found uni­
causality running from energy to GDP.
For India, there are four studies by Nachane et al (1988), Masih & Masih (1996), Cheng
(1999) and Asufii & Adjaye (2000) investigating causality between energy and GDP. 
Nachane et al used conventional Granger and Sims method for the period 1950-1985 and 
found bi-directional causality between energy and GDP. Masih & Masih and Asafu & 
Adjaye used cointegration method but Asafu & Adjaye applied it in multivariate 
framework. The results from their studies show the evidence of uni-directional causality 
running from energy to GDP. Cheng (1999) used a different technique, Hsiao’s Granger, in
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his multivariate framework and found opposite direction of uni-causality running from 
GDP to energy.
For Indonesia, there are only two studies by Masih & Masih (1996) and Asufii & Adjaye
(2000) investigating causality for this country. Both used cointegration method but applied 
in overlapping period, 1960-1990 and 1973-1995. Asufu & Adjaye (2000) used a 
multivariate framework, while Masih & Masih (1996) used bi-variate framework. They 
found opposite results. Masih & Masih found uni-directional causality running from GDP 
to energy, whilst Asufii & Adjaye found uni-directional causality from energy to GDP.
For Malaysia, there is only one study by Masih & Masih (1996) investigating causality 
between energy and GDP using cointegration for the period 1955-1990, which could not 
detect any causality.
For Pakistan, there are two studies undertaking causality for this country. Masih & Masih 
(1996) used cointegration method for the period 1955-1990 and found bi-directional 
causality while Aqueel & Butt (2001) used Hsiao’s Granger for the period 1955-1996 and 
found only uni-directional causality from GDP to energy.
For the Philippines, three studies investigated causality for this country. They all yield 
different results. Yu & Choi (1985) used conventional Granger and Sims methods for the 
period 1950-1976 and found uni-directional causality from energy to GDP while Masih & 
Masih (1996) and Asafii & Adjaye (2000) applied the later developed method, 
co integration, for the period 1955-1990 and 1971-1995. Masih & Masih used a bivariate 
model and found no causality in his study, whist Asafii & Adjaye used a multivariate 
model and found the opposite result, bi-directional causality.
For Singapore, there are two studies, Masih & Masih (1996) and Glasure & Lee (1997) 
using the same method, cointegration but applied for different periods (1955-1990 and
1961-1999). They yield opposite results. Masih & Masih could not find any causal 
relationship whereas Glasure & Lee found bidirectional causality. This implied that 
different a time frame may affect causality results.
67
For Sri Lanka, there is only one study by Masih & Masih (1998) investigating causality for 
the period 1955-1991 using cointegration in his multivariate framework which found un- 
directional causality running from energy to GDP.
For Taiwan, there are five studies investigating causality for this country for the period 
ranging from 1955-2003, which found a consistent result of bi-directional causality in the 
majority of the cases. Hwang & Gum (1992), Cheng & Lai (1997) and Yang (2000) used 
the same technique, Hsiao’s Granger, in their bivariate models. Masih & Masih (1997), 
Lee & Chang (2005) used cointegration. Masih & Masih used multivariate model, whilst 
Lee & Chang used bivariate framework. It was found that all studies yield the same results 
of bi-directional causality except Cheng & Lai (1997) who found only uni-directional 
causality running from GDP to energy.
For Thailand, there are only two studies, Masih & Masih (1998) and Asafu & Adjaye
(2000) using the same technique, cointegration, which they applied in their multivariate 
framework, but for different time frames (1955-1991 and 1971-1995). Their studies 
yielded different results. Masih & Masih (1998) found uni-directional causality from 
energy to GDP while Asafu & Adjaye found bi-directional causality between energy and 
GDP.
In summary, the overall results for Asia show evidence of causality in the majority of 
countries with different directions of causality. The results are rather varied across 
countries and even within each individual country such as India, Indonesia, Pakistan, 
Philippines, Singapore and Thailand. However, there is one country, Taiwan, where the 
results from 4 of 5 studies yield the same results of bidirectional causality. In the following 
3 countries, China, Malaysia and Sri Lanka, the results could not be comparable within 
each individual country itself as there is only one study undertaking causality in each of 
these countries.
2.4.1.3 Latin America
There are only two studies investigating causality for the 6 countries in this group; Mexico, 
Venezuela, Brazil, Chile, Colombia and Guatemala. Nachane et al (1988) used Granger, 
Sims and cointegration method to detect causality in these countries for the period 1950- 
1985. The results are varied. Uni-causality from energy to GDP was found in Mexico and 
Guatemala and bi-directional causality was found in Brazil and Chile whereas no causality
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was detected in Venezuela and Colombia. Cheng (1997) used the later developed 
technique, Hsiao’s Granger method, to investigate causality for 3 countries, Mexico, 
Venezuela and Brazil for different periods 1949-1993, 1952-1993 and 1963-1993. The 
results are inconsistent compared to the findings of Nachane et al (1988). In Cheng’s 
study, causality was not found in Mexico or Venezuela and uni-directional causality from 
energy to GDP is found in Brazil. It is noted that the evidence of uni-directional causality 
from GDP to energy is, surprisingly, not found in these two studies.
In summary, similar to the first two cases, evidence of causality was found in the majority 
of countries with different directions. The results are varied across countries and even 
within each individual country. There is one country, Venezuela, that yields consistent 
results of no causality from the two different studies. There are two countries, Mexico and 
Brazil, that yield inconsistent results. The results from the remaining three countries, Chile, 
Colombia and Guatemala, could not be compared within each country itself since the 
results derived from only one study by Nachane et al (1988).
2.4.1.4 Africa
There is only one study by Wolde-Rufael (2005) who investigated causality in 17 African 
countries using recently developed technique, Toda & Yamamoto’s Granger for the same 
period 1971-2001. The results are varied among these countries. Uni-directional causality 
from GDP to energy is founded in four countries, Algeria, Congo, Egypt and Ghana. Uni­
causality from energy to GDP is detected in 3 countries, Cameroon, Morocco and Nigeria. 
Bi-directional causality is found in only two countries, Gabon and Zambia. On the other 
hand, causality is not detected in 8 countries, Benin, Congo Republic, Kenya, Senegal, 
Sudan, Togo, Tunisia and Zimbabwe.
In summary, it is observed that the causality results in these country groups are very 
varied. In about half of the countries in this group (9 of 17), the evidence of causality was 
found but in different directions whereas in the other half (8 of 17), no evidence of 
causality was found. However, the results could not be compared within each individual 
country itself in these countries since the results derived from only one study by Wolde- 
Rufael (2005).
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Table 2.2: Summary of causality results (Aggregate energy and GDP) based on 
Individual countries
Countries Previous studies Methodology Period Conclusion
DCs:
Belgium Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—>Y
Canada Erol & Yu (1988) Granger, Sims (B) 1950-1980 E—>Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 E0Y
Ghali & El-Sakka (2004) Co integration (M) 1961-1997 E+~>Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1965-2001 E—>Y
France Erol & Yu (1988) Granger, Sims (B) 1950-1982 E—>Y
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—>Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 E->Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y~>E
Germany Erol & Yu (1988) Granger, Sims (B) 1950-1982 Y~»E
Soytas & Sari (2003) Cointegration (B) 1950-1992 E—>Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E0Y
Greece Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—+Y
Hondroyiannis et al (2002) Cointegration (M) 1960-1996 E<->Y
Italy Erol & Yu (1988) Granger, Sims (B) 1950-1982 Y—45
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—>Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 Y—45
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y—>E
Japan Erol & Yu (1988), Granger, Sims (B) 1950-1982 E<-±Y
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E<->Y
Cheng(1998) Hsiao’s Granger (M) 1952-1995 Y—»E
Soytas & Sari (2003) Cointegration (B) 1950-1992 E—>Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y—>E
Korea Yu & Choi (1985) Granger, Sims (B) 1950-1976 Y—45
Cheng & Lai (1997) Hsiao’s Granger (B) 1955-1993 E<->Y
Masih & Masih (1997) Cointegration (M) 1955-1991 E~Y
Glasure (2002) Cointegration (M) 1961-1990 E<->Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 Y—+E
Oh & Lee (2004) Cointegration (M) 1970-1999 E<-+Y
Netherlands Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—>Y
New Zealand Fatai et al (2001) Toda & Yamamoto’s Granger (B) 1.960-1999 Y—43
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Poland Yu & Choi (1985) Granger, Sims (B) 1950-1976 E0Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Sweden Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—>Y
Switzerland Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—Y
Turkey Soytas & Sari (2003) Cointegration (B) 1950-1992 E—>Y
Altinay & Karagol (2004) Hsiao’s Granger (B) 1950-2000 E0Y
UK Erol & Yu (1988) Granger, Sims (B) 1950-1982 EOY
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E<->Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 E0Y
Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 E0Y
USA Kraft & Kraft (1978) Sims (B) 1947-1974 Y—E
Akarca & Long (1980) Sims (B) 1947-1972 E0Y
Yu & Hwang (1984) Granger, Sims (B) 1947-1979 E0Y
Yu & Choi (1985) Granger, Sims (B) 1950-1976 E—*Y
Abosedra & Baghestani Granger (B) 1947-1972 EOY
(1991) 1947-1987 E0Y
1947-1979 EOY
1947-1974 Y—>E
Stem (1993) Granger (M) 1947-1990 E—>Y
Cheng(1996) Hsiao’s Granger (M) 1947-1990 EOY
Stem (2000) Cointegration (M) 1948-1994 E-^ Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E+->Y
LDCs:
A sis :
China Wolde-Rufael (2005) Toda & Yamamoto’s Granger(B) 1952-1999 E—>Y
(Shanghai)
India Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E«-*Y
Masih & Masih (1996) Cointegration (B) 1955-1990 E—»Y
Cheng(1999) Hsiao ’sGranger,Cointegration(M) 1952-1995 Y—E
Asafu & Adjaye (2000) Cointegration (M) 1973-1995 E—>Y
Indonesia Masih & Masih (1996) Cointegration (B) 1955-1990 Y—+E
Asafu &Adjaye (2000) Co integration (M) 1973-1995 E—>Y
Malaysia Masih & Masih (1996) Cointegration (B) 1955-1990 EOY
Pakistan Masih & Masih (1996) Cointegration (B) 1955-1990 E<->Y
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Aqueel & Butt (2001) Hsiao’s Granger (B) 1955-1996 Y—>E
Philippines Yu & Choi (1985) Granger, Sims (B) 1950-1976 E—+Y
Masih & Masih (1996) Cointegration (B) 1955-1990 E0Y
Asafu &Adjaye (2000) Cointegration (M) 1971-1995 E++Y
Singapore Masih & Masih (1996) Cointegration (B) 1955-1990 E0Y
Glasure & Lee (1997) Cointegration (B) 1961-1999 E<->Y
Sri Lanka Masih & Masih (1998) Cointegration (M) 1955-1991 E—*Y
Taiwan Hwang & Gum (1992) Hsiao’s Granger (B) N.A. E<-+Y
Cheng & Lai (1997) Hsiao’s Granger (B) 1955-1993 Y—>E
Masih & Masih (1997) Cointegration (M) 1952-1992 E^Y
Yang (2000) Hsiao’s Granger (B) 1954-1997 E<-Y
Lee & Chang (2005) Cointegration (B) 1954-2003 E«-»Y
Thailand Masih & Masih (1998) Cointegration (M) 1955-1991 E—+Y
Asafii &Adjaye (2000) Cointegration (M) 1971-1995 E<~>Y
Latin
America:
Mexico Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—>Y
Cheng(1997) Hsiao’s Granger (M) 1949-1993 E0Y
Venezuela Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 EOY
Cheng(1997) Hsiao’s Granger (M) 1952-1993 E0Y
Brazil Nachane et al (1988) Granger, Sims, Co integration (B) 1950-1985 E<->Y
Cheng(1997) Hsiao’s Granger (M) 1963-1993 E—>Y
Chile Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E<->Y
Colombia Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 EOY
Guatemala Nachane et al (1988) Granger, Sims, Cointegraticn (B) 1950-1985 E—>Y
Africa :
Algeria Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—>E
Congo Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—>E
Egypt Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—>E
Ghana Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y-+E
Cameroon Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E—>Y
Morocco Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E-+Y
Nigeria Wolde-Rufael (2005) Toda&Yamamoto’s Granger (B) 1971-2001 E—»Y
Gabon Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E<->Y
Zambia Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E^ >Y
Benin Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY
Congo Rp Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY
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Kenya Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Senegal Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Sudan Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Togo Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Tunisia Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Zimbabwe Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E0Y
Note: —> • refers to ‘uni-directional (one way) causality’
refers to ‘bi-directional (two ways) causality’
0 refers to ‘no causality’.
2.4.2 Electricity and GDP in a time series context
This section aims to show and discuss the causality results based on an individual country 
basis. The summary table of country results is shown in Table 2.3.
2.4.2.1 Developed countries
Very few studies have investigated causality between electricity consumption and GDP in 
developed countries in the literature. Only 4 countries, Australia, Canada, Greece and 
Turkey have been studied.
For Australia, a study by Narayan & Smyth (2005) investigated causality using 
co integration in multivariate framework for the period 1966-1999 and found uni­
directional causality running from GDP to electricity.
For Canada, a study by Murry & Nan (1996) investigated causality using standard Granger 
in bivariate framework for the period 1970-1990 and found uni-bidirectional causality 
running from electricity to GDP.
For Greece, a study by Hondroyiannis et al (2002) investigated causality between 
residential energy and GDP using cointegration method for the period 1960-1996 and 
found bi-directional causality between residential energy consumption and GDP.
For Turkey, two studies, Murry & Nan (1996) and Altinay & Karagol (2005) investigated 
causality and yielded the same results. Murry & Nan used standard Granger method for the 
period 1970-1990, whilst Altinay & Karagol used new recently developed technique, 
Dolado-Lukepohl’s Granger, for the extended period 1950-2000. Surprisingly, both found 
uni-directional causality running from electricity to GDP.
73
In summary, causality was found in all countries in this group. Evidence of uni-directional 
causality from electricity to GDP was found in the majority countries (3 of 4) while 
evidence of causality from GDP to electricity was detected in only one country, Australia. 
Again, the results, however, could not be compared within each individual itself in these 
countries since there is only one study for those each country.
2.4.2.2 Asia
There are 13 countries in this group that have been investigated for causality between 
electricity and GDP.
For Bangladesh, a study by Mozumder & Marthe (2007) used cointegration method to 
detect causality for the period 1971-1999 and found uni-directional causality running from 
GDP to electricity.
For China, a study by Shiu & Lam (2004) investigated causality using cointegration for the 
period 1971-2000 and found uni-direction from electricity to GDP. Another study by 
Wolde-Rufael (2005) detected causality in Shanghai for the shorter period 1971-1999 
using Toda & Yamamoto’s Granger method. Both studies found uni-directional causality 
between electricity and GDP.
For Hong Kong, a study by Murry & Nan (1996) investigated causality for the period 
1970-1990 using Granger method and found uni-directional causality from electricity to 
GDP.
For India, two studies, Murry & Nan ((1996) and Ghosh (2002), investigated a causal 
relationship using different techniques and time frames and found different results. Murry 
& Nan used standard Granger for the period 1970-1990 and found no causality in any 
direction while Ghosh used cointegration method for the extended period and found uni­
directional causality running from GDP to electricity.
For Indonesia, Malaysia and Singapore, there are two studies by Murry & Nan (1996) and 
Yoo (2006) which investigated causality for these three countries using different 
techniques. Murry & Nan used standard Granger method for the period 1970-1990 while 
Yoo adopted later developed technique, Hsiao’s Granger, for the longer period 1971-2002. 
Both studies yielded the same results of uni-directional causality from GDP to electricity 
for Indonesia, and bi-directional causality for Malaysia. However, inconsistent results
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were found in the case of Singapore. Uni-directional causality from electricity to GDP was 
found in the Murry & Nan’s study while bi-directional causality was found in Yoo’s study.
For Korea, there are two studies by Murry & Nan (1996) and Yoo (2005) which 
investigated causality and yielded the same results. Murry & Nan used Granger method for 
the period 1970-1990 while Yoo adopted cointegration for the extended period 1970-2002. 
Both found bi-directional causality between electricity and GDP.
For Pakistan, two studies by Murry & Nan (1996) and Aqueel & Butt (2001) also yielded 
the same results. Murry & Nan used Granger method for the period 1970-1990 while 
Aqueel & Butt used later technique, Hsiao’s Granger, for the period 1955-1996. They both 
found uni-directional causality from electricity to GDP.
For the Philippines, a study by Murry & Nan (1996) investigated causality for the period 
1970-1990 using standard Granger method. Causality was not detected in any direction in 
his study.
For Sri Lanka, a study by Morimoto & Hope (2004) investigated causality for the period 
1960-1998 and found uni-directional causality running from electricity to GDP.
For Taiwan, there are two studies, Yang (2000) and Lee & Chang (2005), which used 
different methods and yielded different results. Yang (2000) adopted Hsiao’s Granger 
technique for the period 1954-1997 and found bi-directional causality while Lee & Chang 
used cointegration for the extended period 1954-2003 and found only uni-directional 
causality from electricity to GDP.
For Thailand, two studies by Asafu & Adjaye (2000) and Masih & Masih (1998) 
investigated causality using a similar method, cointegration but for different periods, 1971- 
1995 and 1955-1991. They both showed different results. Asafu & Adjaye found bi­
directional causality while Masih & Masih found only uni-directional causality mnning 
from electricity to GDP.
In summary, causality was found in all countries in this group with different directions. 
The results are rather varied across countries and even within each individual country. 
However, consistent results from different studies are found in about 40 percent of the 
countries in this group (5 of 13), which are China, Indonesia, Korea, Malaysia and
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Pakistan. Unidirectional causality from electricity to GDP was found in China and 
Pakistan while causality from GDP to electricity was found in Indonesia and bidirectional 
causality was found in Korea and Malaysia. Inconsistent results are found in about a 
quarter of the countries in this group (4 of 13), which are India, Singapore, Taiwan and 
Thailand. Incomparable results are found in the remaining 3 countries, Bangladesh, Hong 
Kong and the Philippines.
2.4.2.3 Latin America
There is only one study by Murry & Nan (1996) which investigated causality between 
electricity consumption and GDP in the three countries, Colombia, El Salvador and Mexico 
using standard Granger method for the period 1970-1990.
It was noted that even though there are no other comparable studies within each country, 
the results all found uni-directional causality running from GDP to electricity.
2.4.2.4 Africa
There are two studies, Murry & Nan (1996) and Wolde-Rufael (2006), which investigated 
causality between electricity and GDP for a number of countries in Africa. Murry & Nan 
used standard Granger to investigate causality for the period 1970-1990 for two countries, 
Kenya and Zambia, and found no causality in both countries. Wolde-Rufael used new 
developed technique, Toda & Yamamoto’s Granger, to investigate causality in 16 African 
countries for the extended period 1971-2001 and found a variation in causality results 
across the countries studied. Causality could not be detected in Algeria, Congo Republic, 
Kenya, and Sudan. Uni-directional causality from electricity to GDP was found in Benin, 
Congo and Tunisia. Bi-directional causality is found in the majority of countries in this 
group such as Cameroon, Ghana, Nigeria, Senegal, Zimbabwe, Egypt, Gabon and 
Morocco. Surprisingly, uni-directional causality from GDP to electricity was not detected 
in this country group.
In summary, evidence of causality was found in the majority of countries in this group with 
different directions. The results are varied across countries and even within each individual 
country. It is difficult to conclude the results of the countries in this group in terms of 
comparison as the majority of the results mainly come from one study by Wolde-Rufael 
(2006).
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Table 2.3: Summary of causality results (Electricity/Petroleum and GDP) 
based on individual countries
Countries Previous studies Methodology Period Results
A. Electricity
DCs:
Australia Narayan & Smyth (2005) Cointegration (M) 1966-1999 Y—Etec
Canada Murry & Nan (1996) Granger(B) 1970-1990 Elec—»Y
Greece Hondroyiannis et al (2002) Cointegration (M) 1960-1996 Res<->Y
Turkey Murry & Nan (1996) 
Altinay & Karagol (2005)
Granger (B)
Dolado-Lukepohl’s Granger (B)
1970-1990
1950-2000
Elec—Y 
Elec—Y
LDCs: 
Asia :
Bangladesh Mozumder & Marthe 
(2007)
Cointegration (B) 1971-1999 Y—Elec
China
Shanghai
Shiu & Lam (2004) 
Wolde-Rufael (2004)
Cointegration (B)
Toda & Yamamoto’s Granger (B)
1971-2000
1952-1999
Elec—Y 
Elec—►Y
Hong Kong Murry & Nan (1996) Granger (B) 1970-1990 Elec—Y
India Murry & Nan (1996) 
Ghosh(2002)
Granger (B) 
Cointegration (B)
1970-1990
1950-1997
ElecOY 
Y—>Elec
Indonesia Murry & Nan (1996) 
Yoo (2006)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1971-2002
Y—Elec 
Y—►Elec
Korea Murry & Nan (1996) 
Yoo (2005)
Granger (B) 
Cointegration (B)
1970-1990
1970-2002
Elec—Y 
Elec—Y
Malaysia Murry & Nan (1996) 
Yoo (2006)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1971-2002
Elec—Y 
Elec—Y
Pakistan Murry & Nan (1996) 
Aqueel & Butt (2001)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1955-1996
Elec—Y 
Elec—►Y
Philippines Murry & Nan (1996) Granger (B) 1970-1990 ElecOY
Singapore Murry & Nan (1996) 
Yoo (2006)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1971-2002
Elec—Y 
Eiec—Y
Sri Lanka Morimoto & Hope (2004) Granger (B) 1960-1998 Elec—>Y
Taiwan Yang (2000)
Lee & Chang (2005)
Hsiao’s Granger (B) 
Cointegration (B)
1954-1997
1954-2003
Elec—Y 
Elec—Y
Thailand Asafii & Adjaye (2000) 
Masih & Masih (1998)
Cointegration (M) 
Cointegration (M)
1971-1995
1955-1991
Elec—Y 
Elec—+Y
Latin
America:
Colombia Murry & Nan (1996) Granger (B) 1970-1990 Y—Elec
El Salvador Murry & Nan (1996) Granger (B) 1970-1990 Y—>Elec
Mexico Murry & Nan (1996) Granger (B) 1970-1990 Y—Elec
Africa :
Algeria Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY
Congo RP Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY
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Kenya Murry & Nan (1996) 
Wolde-Rufael (2006)
Granger (B)
Toda & Yamamoto’s Granger (B)
1970-1990
1971-2001
Y—dElec 
ElecOY
Sudan Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY
Benin Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—*Y
Congo Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—Y
Tunisia Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—>Y
Cameroon Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec<-»Y
Ghana Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec<-»Y
Nigeria Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY
Senegal Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec+->Y
Zambia Murry & Nan (1996) 
Wolde-Rufael (2006)
Granger (B)
Toda & Yamamoto’s Granger (B)
1970-1990
1971-2001
ElecOY
ElecOY
Zimbabwe Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec<->Y
Egypt Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec-t-+Y
Gabon Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecwY
Morocco Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec<->Y
B. Petroleum
China Zou & Chau (2006) Cointegration (B) 1953-2002 Petro<-»Y
Korea Zou & Chau (2006) Cointegration (B) 1961-1990 Petro<-»Y
Pakistan Aqueel & Butt (2001) Hsiao’s Granger (B) 1955-1996 Y—>Petro
Taiwan Yang (2000)
Lee & Chang (2005)
Hsiao’s Granger (B) 
Cointegration (B)
1954-1997
1954-2003
Y—»Petro 
Petro—»Y
Thailand Hoa (1993) Cointegration (B) 1966:1-91:1 Petro<~>Y
Note: —» refers to ‘uni-directional (one way) causality’
refers to ‘bi-directional (two ways) causality’
0 refers to ‘no causality’.
2.4.3 Petroleum and GDP in a time series context
There are only five countries, China, Korea, Pakistan, Taiwan and Thailand, that have 
been investigated for causality between petroleum consumption and GDP. All studies used 
a bivariate model (see Table 2.3).
For China and Korea, a study was undertaken by Zou & Chau (2006) which used 
cointegration for the period 1953-2002 for China and 1961-1990 for Korea. Bi-directional 
causality between petroleum and GDP was found in both countries.
For Pakistan, a study by Aqueel & Butt (2001) adopted Hsiao’s Granger method for the 
period 1955-1996 to investigate causality, which found uni-directional causality from GDP 
to petroleum consumption.
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For Taiwan, there are two studies, Yang (2000) and Lee & Chang (2005), which 
investigated causality. Yang used Hsiao’s Granger method for the period 1954-1997 whilst 
Lee & Chang adopted co integration for the extended period 1954-2003. Both studies found 
an opposite direction of causality. Yang found uni-directional causality running from GDP 
to petroleum while Lee & Chang found uni-directional causality from petroleum to GDP.
For Thailand, a study by Hoa (1993) investigated causality using quarterly data from 1966- 
1991 and using cointegration method which found uni-directional causality mnning from 
petroleum to GDP.
In summary, evidence of causality was found in all countries in this group with different 
directions. The results from these studies are rather varied across countries and even within 
each individual country. Again, it is difficult to conclude the results of the countries in this 
group in terms of result comparison as the majority of the results in each countries draw 
from one study.
2.4.4 Energy and GDP in a panel context
There are a few studies investigating causality between energy and economic growth in a 
panel context. There are only 2 panel country groups that have been studied in the 
literature (see Table 2.4).
First is the panel of 18 developing countries comprising South Korea, Singapore, Hungary, 
Argentina, Chile, Colombia, Mexico, Peru, Venezuela, Indonesia, Malaysia, Philippines, 
Thailand, India, Pakistan, Sri Lanka, Ghana and Kenya. The study was conducted by Lee
(2005), who tested causality for this panel group for the period 1975-2001. The results 
show uni-directional causality running from energy to GDP, which implies that any energy 
conservation policy to reduce energy consumption, may generally affect economic 
activities of these developing countries.
Second is the panel of 6 Gulf Cooperation Council (GCC) countries which comprises 
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates (UAE), The 
studies have been conducted by Al-Iriani (2006) who investigated causality in this panel 
group using a balance panel data set for the period 1971-2002. Unlike Lee’s (2005) results, 
Al-Iriani found uni-directional causality running from GDP to energy in this panel group. 
This implies that an energy conservation policy would be a feasible policy without having
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a damaging effect on national income. Hence, these countries could decrease their C02 
emissions by reducing their energy consumption without significantly affecting their 
economy.
Table 2.4: Summary of panel causality results in the literature
Countries Previous studies Methodology Period Conclusion
LDC
18 countries37 Lee(2005) Panel unit root (LLC, IPS,Hadri), 
Panel cointegration, FMOLS 
(Pedroni),
Panel causality (Granger, EG).
1971-2002 E—Y
6 GCC countries w Al-Iriani (2006) Panel unit root (IPS),
Panel cointegration (Pedroni), 
Panel causality (Granger, GMM).
1971-2002 Y—E
aJ This includes South Korea, Singapore, Hungary, Argentina, Chile, Colombia, Mexico, 
Peru, Venezuela, Indonesia, Malaysia, Philippines, Thailand, India, Pakistan, Sri Lanka, 
Ghana and Kenya.
b/ This comprises six Gulf States: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the 
United Arab Emirates (UAE).
2.4.5 Summary
It can be seen that historically energy-economic growth causality work was conducted in a 
time series context. The early studies were undertaken for the USA and some countries in 
Europe. Most studies used conventional standard Granger and Sims methods in the 
bivariate framework.
Later the causality work was expanded into other regions such as Asia, Latin America and 
Africa. These studies tended to use more advanced techniques, such as cointegration and 
Hsiao’s Granger methods, applied in both bivariate and multivariate frameworks. In 
addition, more studies have been expanded to investigate causality between disaggregate 
energy such as electricity and petroleum.
The results from these time-series studies show that causality results are varied across 
countries and even within each individual country. The results suggest that the use of 
different methods, models, time frames and variables could affect the causality results.
Recently causality work has been enhanced into a panel cointegration context since the 
technique can take account of heterogeneous country effects. There are a few empirical 
studies testing causality using this method. These studies test causality in a panel of 18
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developing countries and one of 6 GCC countries. The results are not comparable as the 
panel countries groups are different. The results suggest that more panel work needs to be 
studied in order to improve the results. It is also noted that as far as it is known, no study 
has yet been conducted for a panel group of developed countries and there are no studies in 
the literature investigating causality between disaggregate energy and economic growth in 
a panel context.
An interesting aspect of the literature concerns the countries that were selected for these 
studies. It is noted that, with the exception of the USA, not many causality studies have 
been done on developed countries compared to developing countries. In the developing 
country group, many studies (in the time series context) have been done for Asian 
countries although surprisingly only two studies have been done for China. However, on 
the other hand, there are a few studies for some African countries (using time series 
approach) and just one for Middle East countries (using a panel cointegration approach). 
Another aspect concerns the type of the causality studies. In earlier works, the majority of 
the studies investigated the causality between aggregate energy and economic growth in 
the time series context while in later works, the studies have been expanded to investigate 
causality between disaggregated energy (i.e. electricity, oil, gas etc) and economic growth 
with the majority of these studies including electricity case in the time series framework. 
However, no studies have been undertaken using the panel cointegration framework.
Furthermore, it can be seen from the literature that causality results, particular in the time 
series analysis framework, are very mixed with no clear consensus findings in terms of 
direction of causality. The important evidence, found in the literature is that different 
countries use different methodologies and different data sets and periods. This supports the 
statement by Masih & Masih (1997) that different results for different countries are not 
necessarily surprising given the “many institutional, structural, and policy differences” 
(p.419). However, the lack of consensus for particular countries (and countries with similar 
characteristic and stages of development) such as USA, Korea, India, Taiwan, etc is 
somewhat surprising, which according to Masih & Masih (1997) and Zachariadis (2006) is 
primarily due to methodological differences in terms of definition and specification of 
variables, econometric techniques employed and the lag structure chosen.
This thesis therefore attempts to address this issue. In particular, a systematic and 
consistent methodology is adopted to test whether there is evidence of causality between
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energy and GDP for 30 OECD countries and 78 non-OECD countries within specific time 
periods. In order to have a clear distinction between developed and developing countries, 
the countries are also classified into high, mid and low development groups base on the 
human development index (HDI). Furthermore, testing the hypothesis that the link is 
strongest for the non-OECD/developing countries is also undertaken in this thesis.
As mentioned above, these causality results are based on an individual country and use 
time series data of about 20 to 30 years. However, there are different results for different 
countries, as well as for different time periods within the same country. For instance, 
Masih & Masih (1996) and Asafu-Adjaye (2000) find opposite causality results in 
Indonesia. Soytas and Sari (2003) and Oh & Lee (2004) also provide different causality 
results for South Korea. Therefore, another main contribution of this thesis is to pool 
together the data that differs across individual countries into two main groups, 30 OECD 
countries and 78 non OECD countries, and into three main development country groups 
according to HDL
2.5 Summary and Conclusion
The literature shows that standard tests based on Granger (1969) and Sims (1972) causality 
techniques have been widely used in the earlier studies. However, such methods were 
criticized for yielding spurious and inconsistent results due to using non stationary data. 
Instead, since the late 1980s, cointegration and error-correction models (ECM) have been 
increasingly applied. Recently panel cointegration and causality approaches have been 
introduced and increasingly used to investigate the causal relationship since the techniques 
can take heterogeneous country effects into account in one single estimation by allowing 
for individual-specific variables. Moreover, it can increase the degree of freedom for the 
model which could help to reduce an unbias in the estimation.
In this thesis, firstly tests of causality are based on a time series approach. The‘Granger 
causality’ concept is used since it has been widely used in academic research for several 
decades. In order to select the optimum lag for the model Hsiao’s Granger causality is 
adopted as it widely used in the literature. Furthermore, to capture a long mn relationships 
among variables in the model, which provides both short mn and long mn causation, 
cointegration coupled with an error correction model (ECM) was used in this study to 
ensure all sources of causation, which might be missed on the standard model, are
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co n s id ered .
To test for the stationarity and integration of the variables in the time series context, which 
is the first requirement of the causality test, the ADF unit root test was chosen. The ADF 
test is the most widely and frequently used in the literature such as Stem (1993, 2000, 
2004). To perform cointegration tests, the Johansen method based on the Johansen (1988), 
Johansen (1991) and Johansen & Juselius (1990) was used as the test is generally regarded 
as being the most powerful and hence frequently used in the literature.
Secondly, tests of causality are based on panel data approach. Four steps are proposed. 
First the recent three unit root tests developed by LLC (2002) and IPS (2003) are 
undertaken as they have become very popular amongst empirical researchers who 
generally accept that these tests can increase the power of unit root tests compared with the 
test based on time series. Second, panel cointegration tests developed by Pedroni (1999, 
2004) are adopted as this methodology allows for heterogeneity among the individual 
members of the panel whilst the Johansen technique does not have this option.
Third,, the panel full-modified OLS (PFMOLS) technique based on Pedroni (2000) is 
undertaken to estimate the cointegration vector for heterogeneous cointegration panels as 
this helps to correct the standard OLS for the bias induced by the endogeneity and serial 
correlation of the regressor. Finally panel causality is tested. The traditional E-G two-step 
procedure is adopted as it is widely used in the literature. A causality test on the standard 
panel model is undertaken if cointegration is not detected. On the other hand a causality 
test on the panel error correction model is performed if cointegration is found.
In this thesis a bivariate framework is adopted since it allows for systematic testing for 
causality in a large number of countries where only the energy and GDP data are probably 
available.
The next chapter will explain the methodology used to test for time series causality 
between aggregate energy consumption and economic growth, and the results obtained.
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Causality between ‘aggregate energy consumption and GDP’: 
A time series approach 1
C h a p t e r  3
3.1 Introduction
It can be seen from the literature review in the previous chapter that in the last three 
decades, several different techniques have been used to test for causality in different 
countries and different time periods. However, the results from these studies are 
inconclusive. In this chapter, a consistent approach, namely the ‘VAR Johansen 
cointegration coupled with Hsiao’s Granger causality’ is used since these techniques have 
dominated empirical causality modelling for almost 30 years. A consistent data set derived 
from IEA the data base covering 108 countries is used. The next section will describe the 
methodology in detail together with a description of the data used in the model.2 The 
results will then be discussed followed by the summaiy.
3.2 Methodology
‘Granger-causality’ implies causality in the prediction (forecast) sense rather than in a 
structural sense. It starts with the premise that ‘the fu ture cannot cause the p a s t’, if event 
A occurs after event B, then A cannot cause B (Granger 1969). This concept can be 
examined in the context of a bivariate model consisting of the following two equations:
m  tt
y, = a  i + X  AjV; + X  H et-j + v ‘ 0 -0
/= ! j = l
and
t
m  n
e, = «2 + Z  Y<e<-1 + X  5iy< -i + £. (3-2)/=i M
1 A summary of the results fiom an earlier version of research for this chapter for data covering the period up 
to 2000 have been published in Chontanawat, et al (2007). The results have also been presented in the 67,1 
IAEE European Conference on ‘Modelling in Energy Economics and Policy’ in Zurich, Switzerland, 2-3 
September 2004, and the 1st Annual CZAEE/IAEE International Conference on ‘Critical Infrastructure in the 
Energy Sector’ in Prague, Czech Republic, 21-22 November 2004.
2 Note, this is also the methodology applied in Chapter 4 with disaggregated energy, electricity and
petroleum.
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y t = i n ( Y t ) ;
Et = energy consumption per capita; and 
Y, = real GDP per capita.
In equation (3.1), e causes y  if the current value of y  is predicted better by including the 
past values of e than by not doing so. In other words, if e causes y, then e helps to forecast 
y. From equation (3.2), y  causes e if the current value of e is predicted better by including
the past values of y  than by not doing so. In other words, if y  causes e, then y  helps to
forecast e.
This initial formulation by Granger used levels of variables as shown in equations (3.1) and
(3.2). However, following the development of unit root testing and co integration, for non- 
stationary variables, integrated of order one or 1(1), equations (3.1) and (3.2) are replaced 
by:
m n
Ay, = or, + Z A a  y,-i + Z  h  Ae‘-J +v' (3-3>
i=1 /"=1
and
m t t
Ae, =<*2 + Z  r M - i + Z  s A y - i  + s < (3-4>
M 7=1
where A is the first difference operator, so that the terms are introduced in differences to 
ensure that they are stationary or 1(0). Here the concept of causality is formulated in terms 
of changes to the variables and the presence of Granger-causality depends on the 
significance of the Aet.j term and Ayt.j term in equations (3.3) and (3.4) respectively.
Furthermore, if it is found that the two integrated variables co-integrate, then equations
(3.3) and (3.4) can be augmented as follows:
m tt
Ay , = a x +<JxECt_x + £  f fA y ,^  + fo Ae,_; + p  (3.5)
M 7=1
and
m n
Ae, = or, + a 2EC,_, + Z  Y M - ,  +  Z  5AY<-i + f < (3-6)
«=1 7=1
where: et =£n(Et);
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where EC  is the error correction term from a cointegrating equation of the form 
ECt — y t — fie t and hence is 1(0). In essence, if a pair of 1(1) series are co-integrated, there
must be Granger-causality in at least one direction (either e to y  and/or y  to e) hence it is 
necessary to add the EC  tenn to equation (3.3) and equation (3.4) to avoid mis-specifying 
the model and missing one source of causation. Hence, in this formulation there are two 
possible sources of Granger-causality: for the Ay t equation causality arises either through 
the lagged Ae term if Xj j  0 or through the ECt.j term, if 07 f  0 (implying a long nm 
relationship); and for the Ae, equation it arises either through the lagged Ay term if 8j f  0 or 
through the EC,-i term, if a2 A 0.3 In essence, if a pair of 1( 1) series are co-integrated, there 
must be Granger-causality in at least one direction so it is necessary to add the EC  term in 
the model otherwise the model will miss one source of causation and the model will be 
mis-specified and the possible values of lagged Ae (Ay) in forecasting Ay, (Ae,) will be 
missed.
Whichever formulation is used, past studies have shown that the result of causality is very 
sensitive to the lag length adopted in the models. However, Hsiao (1981) introduced a way 
to help determine the optimum lags to be used, by combining the Granger (1969) definition 
of causality as outlined above and Akaike’s Final Prediction Error (FPE) criterion.
According to Akaike (1970), the FPE is defined as the expected variance of the prediction
error (asymptotic mean square of the prediction error) as follows:
FPEy,=E(y, - ; , f = o l (  1 + 1 )  (3.7)
A 2 ( S S E (k ^  ^where <j „ = I —— j , k is the number of estimated parameters and T is the number of 
observations.
Thus Akaike defines the estimate of FPEy(k) by
FPE(k) = T + k  SSE^  (3.8)
T - k  T
FPE is minimised in order to choose the number of lags, which is equivalent to applying an 
approximate (F-test) with vaiying significance levels. Hsiao (1981, 1982) points out that 
tlie major difference between applying Akaike’s FPE criterion and the conventional
3 In some studies a distinction is made between long-run causality from the EC term and short-run causality 
from the lagged Ay or Ae terms. This distinction is not explicitly used in this thesis.
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hypothesis testing procedure to decide if a variable should be included in the equation is in 
the choice of significance level. He argues that the conventional choice of a 5% or 1% 
significance level is ad hoc whilst the FPE criterion is based on an explicit optimality 
criterion (that of minimising the mean square prediction error). Consequently, the FPE 
frees the model from the ambiguities inherent in the application of conventional 
procedures.
Akaike (1969, 1970) also suggests that a decision procedure about the order of a uni­
variate stationary autoregressive process and/or on the inclusion or exclusion of a variable 
in the model based on the minimum FPE criterion is appealing. This is because it balances 
the risk due to the bias when a lower order is selected and the risk due to an increase in the 
bias when a higher order is selected. In other words, the minimum FPE can provide the 
optimum number of lags for the model, since too many lags or too few lags may lead to 
bias estimates and hence misleading results.
Therefore, Hsiao’s procedure requires two steps. To test whether e causes y, a one­
dimensional autoregressive process is first estimated as follows:4
m
Ay, = ® i+ Z A Ay,-,+«, (3.9)
i= l
with varying values for m. The following is then computed for each value of m:
FPE(m  + 1) = I + j ^ S S E b n + V  
T - m - 1 T
where T is sample size, SSE is sum of squared errors, and FPE is the final prediction error. 
The minimum value of FPE(m+l) determines the optimal lag length denoted by m*.
The second step involves estimating the following:
Ay i = °h + Z  P A y t-i + Z  x A e>-j + v< (3-11)/=! j =1
4 The details on how to test whether e causes y  are explained here. To test whether y  causes e, the e and y  
should be transposed in equations (3.9) and (3.11).
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for various values for n, the number of lags of Ae, conditional on lag length m* for Ay. 
The following is then computed for each value of n:
FPE(m *+n + Y) = T + m*+w + 1 iSSE(m*+n + l)
T ~
(3.12)
The minimum value of FPE(m*+n+l) detennines the optimal lag length denoted by n*. 
FPE (m*+n*+l) is then compared with FPE (m*+l); if FPE (m*+n*+l) < FPE (m*+l) 
then e (Granger) causes y. Whereas if FPE (m*+n*+l) > FPE (m*+i) then e does not 
(Granger) cause y. For both steps a ‘sensible’ maximum lag is required therefore the 
analysis below uses a maximum lag of about 20% of the total observations.5
The above explains the Hsiao method where no cointegration is found and is therefore 
applied in the standard Granger methodology, equations (3.3) and (3.4). However, this 
equally applies when the EC  term is included for a cointegrating relationship as in 
equations (3.5) and (3.6). That is, to test whether e causes y  in this framework the EC  term 
is also added at the second stage, equation (3.11) as follows:
with similar decision criteria as given above.6,7
These tests determine whether e causes y. This can be confirmed by using a number of 
statistical tests. For the standard Granger model, equation (3.11) causality can be confirmed 
by doing a joint F-test for the coefficients of the lagged Ae variables. For the error 
correction model, equation (3.13), where causality comes from two sources, the EC  term 
and the lagged Ae variables, causality can be confirmed by undertaking a joint F-test of the 
EC  coefficient and the lagged Ae coefficients.
5 Therefore, for countries with data covering the period 1960 to 2003 the maximum lag is 9, for countries 
with data covering the period 1965 to 2003 the maximum lag is 8, for countries with data covering the period 
1971 to 2003 the maximum lag is 7.
6 Again this shows how to test whether e causes y, but to test whether y  causes e, the e and y  should be 
transposed in equation (3.13).
7 Cheng (1999) has adopted a similar technique in a multivariate model.
Ay, =<*, +<7,£C,_1 + ^ ^ fAy,_l. + £ + A e ,_ / +v, (3.13)
Given the above, the methodology adopted for this chapter8 (illustrated in Figure 3.1) 
involves the following stages:
Stage 1: Stationarity of the variables for each country is tested using the
Augmented Dickey Fuller (ADF) test. This is achieved when testing e and y  in 
levels by including a constant term and a time trend in the ADF equation whereas 
when testing the first differences of e and y  the ADF equation includes a constant. 
For both, however, the number of lags is determined by using the Schwarz (SIC) 
criteria. When deciding whether to reject the null of a unit root (stationarity) the 
1% significance is used for the levels and the 10% for the first differences; the 
disparity being based on the expectation that in general the variables will be 1(0) in 
levels and 1(1) in first differences.9 From this if it is found that either e or y are 
found to be 1(0) with the other being 1(1) or 1(2) then the Hsiao (Granger coupled 
with FPE) procedure is adopted, i.e. Stage 3a is followed. If, on the other hand, 
either e or y  are found to be 1(2) with the other being 1(1) or 1(2) then cointegration 
is still tested (i.e. Stage 2 is followed) by assuming that both variables are 1(1), i.e. 
implicitly assuming the 1(2) result is a statistical anomaly.
Stage 2: Cointegration between e and y  is tested for, using the Johansen technique. 
For consistency, the specification that allows for a linear trend in the data with an 
intercept but no trend in the co-integrating vector is utilised with the optimal lag 
structure for the VAR selected by using the Schwarz (SIC) criteria.10 Cointegration 
is accepted if both the Trace and Max-eigen value test statistics indicate one 
cointegrating vector at the 5% level of significance.11 From this if cointegration is 
not found proceed to Stage 3a, but if cointegration is found proceed to Stage 3b.
Stage 3a: Causality from e to y  (and y  to e) is tested for, using the Hsiao (Granger 
coupled with FPE) procedure (i.e. estimate equation (3.11) and test accordingly).
8 And the next chapter.
9 Further details of ADF tests can be found in Harris & Sollis (2003).
10 Verbeek (2001:254) notes that the model with the smallest AIC or SIC is preferred. However, while the 
two criteria differ in their trade-off between fit and parsimony, the SIC criterion can be preferred.
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Stage 3b: A long run relationship exists so there must be causality for at least one 
direction. Therefore, the Hsiao method for determining the order of lags for the 
Error Correction equation (3.13) is used to test if it is from e to y  (and/or y  to e). 
However, if the estimated coefficient of the EC  term is positive then causality is re- 
estimated with difference terms as shown in Stage 3a.12,13
Figure 3.1: Causality testing framework
11 Further details of the Johansen procedure can be found in Harris & Sollis (2003).
12 Where the estimated coefficient of the EC tenn was positive the cointegration approach was abandoned and 
causality was re-tested using the Hsiao (Granger coupled with FPE) procedure, i.e. Stage 3a.
13 Technically, the statements about causality refer to the variables in logs (i.e. e and y) as used throughout 
this section on methodology. However, for ease of exposition, references hereafter are in terms of the levels 
(i.e. E and Y).
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Data
In order to ensure consistency, data for all countries comes from the same source (IEA, 
2006a). For each country E is Final Energy Consumption in thousand tones of oil 
equivalent (ktoe) divided by population and Y is real GDP in US dollars using Purchasing 
Power Parities (PPPs) divided by population. This gives a total of 30 OECD countries with 
data for most countries from 1960 to 2003 and 78 non-OECD countries with data for most 
countries from 1971 to 2003. In addition the Human Development Index (HDI) for 2002 
has been used to rank the countries.14 The lists of the OECD/non-OECD countries and the 
classification of the countries according to the HDI are shown in Table 3.1 and Table 3.2 
respectively.15
3.3 Results
The results of the vast amount of estimation for the OECD countries are presented in Table 
3.3, Table 3.4 and Table 3.5 with a summary given in Table 3.6. The results for the non- 
OECD countries are presented in Table 3.7, Table 3.8 and Table 3.9 with a summary given 
in Table 3.10.16
14 Human Development Report 2004.
15 Gibraltar, Iraq, and Taiwan are not included in the three groups shown in Table 3.2 since they are not 
ranked according to the HDI.
16 All estimation was done using EVIEWS 4.1.
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Table 3.1: OECD/Non-OECD country groups
OECD countries: Non-OECD countries:
Australia Albania Kenya
Austria Algeria Kuwait
Belgium Angola Lebanon
Canada Argentina Libya
Czech Republic Bahrain Malaysia
Denmark Bangladesh Malta
Finland Benin Morocco
France Bolivia Mozambique
Germany Brazil Myanmar
Greece Brunei Nepal
Hungary Bulgaria Nicaragua
Iceland Cameroon Nigeria
Ireland Chile Oman
Italy Colombia Pakistan
Japan China Panama
Korea Congo Paraguay
Luxembourg Congo Republic Peru
Mexico Costa Rica Philippines
Netherlands Cote d’Ivoire Qatar
New Zealand Cuba Romania
Norway Cyprus Saudi Arabia
Poland Dominican Republic Senegal
Portugal Ecuador Singapore
Slovakia Egypt Sri Lanka
Spain El Salvador Sudan
Sweden Ethiopia Taiwan
Switzerland Gabon Tanzania
Turkey Ghana Thailand
United Kingdom Gibraltar Togo
United States Guatemala Trinidad Tobago
Haiti Tunisia
Honduras United Arab Emirates
Hong Kong Uruguay
India Venezuela
Indonesia Vietnam
Iran Yemen
Iraq Zambia
Israel
Jamaica
Jordan
Zimbabwe
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Table 3.2: Human Development Index (HDI) country groups
High-development
countries
Mid-development
countries
Low-development
countries
Argentina Albania Angola
Australia Algeria Benin
Austria Bangladesh Congo
Bahrain Bolivia Congo Republic
Belgium Brazil Cote dTvoire
Brunei Bulgaria Ethiopia
Canada Cameroon Haiti
Chile China Kenya
Costa Rica Colombia Mozambique
Cuba Dominican Republic Nigeria
Cyprus Ecuador Pakistan
Czech Republic Egypt Senegal
Denmark El Salvador Tanzania
Finland Gabon Togo
France Ghana Yemen
Germany Guatemala Zambia
Greece Honduras Zimbabwe
Hong Kong Indonesia
Hungary India
Iceland Iran
Ireland Jamaica
Israel Jordan
Italy Lebanon
Japan Libya
Korea Malaysia
Kuwait Morocco
Luxembourg Myanmar
Malta Nepal
Mexico Nicaragua
Netherlands Oman
New Zealand Panama
Norway Paraguay
Poland Peru
Portugal Philippines
Qatar Romania
Singapore Saudi Arabia
Slovakia Sri Lanka
Spain Sudan
Sweden Thailand
Switzerland Tunisia
Trinidad and Tobago Turkey
United Arab Emirates Venezuela
United Kingdom 
United States 
Uruguay
Vietnam
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Stage 1: Integration
Table 3.3 and Table 3.6 show that e and y  are both found to be 1(1) for 29 out of the 30 
OECD countries (97% of the total). By contrast, Table 3.7 and Table 3.10 show that for the 
78 non-OECD countries e andy are both found to be 1(1) for 68 countries (87%).
Stage 2: Cointegration
Furthermore, Table 3.4 and Table 3.6 show that cointegration is found for only 4 OECD 
countries (13%) whereas Table 3.8 and Table 3.10 show that cointegration is found for 
only 9 non-OECD countries (12%).
Stage 3: Causality
When undertaking the testing procedure outlined in Figure 3.1 there are four possible 
outcomes from the tests for causality:17
i. E Granger causes Y,
ii. Y Granger causes E,
iii. E Granger causes Y and Y Granger causes E,
iv. No Granger-causality exists.
Cases i) and ii) represent uni-directional (i.e one way without feedback) causality and case 
iii) represents bi-directional causality (i.e. both ways with feedback). The OECD results 
are given in Table 3.5 and Table 3.6 and the non-OECD results in Table 3.9 and Table 
3.10.18 In addition, Figure 3.2a summarises the overall results where some form of 
causality exists in either or both directions (cases i, ii and iii). This shows that 24 OECD 
countries (80% of the total) show evidence of some causality compared to 55 non-OECD 
countries (71%), giving 79 countries (73%) overall. According to the HDI classification 
which is illustrated in Figure 3.2b, some causality is found for 35 countries (78% of the 
total), 32 countries (74%), and 9 countries (53%) in the high-development group, mid­
development group, and low-development group respectively.
17 When conducting the tests of causality, in the majority of cases the results from the Hsiao procedure were 
confirmed by the statistical tests at the 10% level but for a small minority they were confirmed at between
11% and 23% levels of significance.
18 Although hardly any previous time series studies of Energy-GDP causality present diagnostic tests for the 
estimated ‘Granger causality’ equations, a summary table for the equations estimated here are presented and
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Figure 3.2a: Evidence of some form of E-Y causality in
OECD and non-OECD countries
Figure 3.2b: Evidence of some form of E-Y causality in 
high-, mid-, and low-development countries
The proportion of countries in the OECD and non-OECD where it is found that E causes Y 
(with or without feedback - the sum of type i and type iii) is illustrated in Figure 3.3a. 
This, and Tables 3.5 and 3.6, show that 19 OECD countries out of 30 (63%) show evidence 
of causality from E to Y whereas, somewhat 39 non-OECD countries from 78 (50%) show 
this evidence.
discussed in the Appendix.
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Figure 3.3a: Summary of evidence of causality from
E to Y for OECD and non-OECD countries
OECD non-OECD
Since the OECD/non-OECD split could be masking differences in stages of development, 
it was decided to re-order all countries according to the HDI. The proportions from these 
rankings are shown in Figure 3.3b. This, however, confirms the previous results; 29 high- 
development countries out of 45 (64%) show evidence of E to Y causality, whereas 22 
mid-development countries out of 43 (51%) and only 4 low-development countries out of 
17 (24%) show E to Y causality.
Figure 3.3b: Summary of evidence of causality from E to Y 
for high, mid, and low-development countries
Figure 3.4a illustrates the proportions of countries in the OECD and non-OECD where it is 
found that Y causes E (with or without feedback -  the sum of type ii and type iii). This 
shows, that 18 OECD countries out of 30 (60%) and 35 non-OECD countries out of 78 
(45%) show evidence of causality from Y to E.
Figure 3.4a: Summary of evidence of causality from Y to 
E for OECD and non-OECD countries
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The proportions from the rankings according to the HDI are shown in Figure 3.4b. This 
shows that 23 high-development countries out of 45 (51%), 22 mid-development countries 
out of 43 (51%) and 6 low-development countries out of 17 (35%) show evidence of Y to 
E causality.
Figure 3.4b: Summary of evidence of causality from Y to E 
for high, mid, and low-development countries
OECD non-OECD
3.4 Comparison of causality results with previous studies based on individual 
countries
The results from the previous section show that there is some evidence of energy-GDP 
causality for both OECD/developed and non-OECD/developing groups of countries. 
Causality seems to be more prevalent in OECD/developed countries rather than non- 
OECD/developing countries. However, it is rather difficult to compare the results with the 
results from other previous studies in tenns of the groups presented earlier as it was found 
in reviewing the literature in Chapter 2 that, unlike this thesis, there have been no 
systematic studies undertaken across the countries. This section, therefore, attempts to 
compare the causality results with previous results for the individual countries where 
causality has been investigated before in the literature.
The summary table of comparative results is shown in Table 3.11. This presents the 
causality results for individual selected countries in the developed countries group (DCs) 
and developing countries group such as Asia, Middle East, and Africa.
3.4.1 Developed Countries
There are about 16 developed countries19 where causality has been studied in the literature. 
In this diesis, just under half (7 countries of this 16 countries), yield the consistent causality 
results when compared with the findings from the previous studies. These 7 countries are 
Belgium, Greece, Japan, the Netherlands Turkey, the UK and the USA. The remainder of 
the countries in this group show inconsistent results. The details of the result comparison 
are discussed below.
The evidence of bi-directional causality was found in the majority of this group, including 
France, Germany, Greece, Italy, Japan, New Zealand and Switzerland. Uni-directional 
causality from energy to GDP was found in countries such as Belgium, Korea, the 
Netherlands and Poland. Uni-direction from energy to GDP implies that the limiting of 
energy use (e.g. through energy conservation) would hamper economic growth in these
19 Belgium, Canada, France, Gennany, Greece, Italy, Japan, Korea, the Netherlands, New Zealand, Poland, 
Sweden, Switzerland, Turkey, the UK and the USA.
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countries. Bidirectional causality indicates that there is mutual interdependence of energy 
and the economy in these countries. On the contrary, a minority of countries such as 
Canada and Sweden show evidence of uni-causality from GDP to energy. Some countries 
such as Turkey, the UK and the USA found no evidence of causality in any direction. The 
explanation is probably that the economy develops irrespective of energy consumption 
patterns and vice versa. In such a case economic growth will not affect energy use 
(probably because of counterbalancing effects), and policies aiming at energy savings may 
not be detrimental to economic development.
In the case of bi-directional causality evidence, the results are both consistent and 
inconsistent with several previous studies. The results for Greece for example, support the 
findings of Hondroyiannis et al (2002) who applied cointegration technique for the period 
1960-1996. For Japan, the result supports the findings of two earlier studies; Erol & Yu 
(1988) who used standard Granger and Sims methods for the period 1950-1982, and 
Nachane et al (1988) who used standard Granger, Sims and cointegration methods for the 
period 1950-1985. However the result is different from Cheng (1998) and Lee (2006) who 
used different techniques; Hsiao’s Granger method for the period 1952-1995 and Toda & 
Yamamoto’s Granger method for the period 1960-2001, both of which found similar 
results of causality from GDP to energy. The result is also different from Soytas & Sari
(2003) who used the cointegration technique for the period 1950-1992 and found an 
opposite direction of causality running from energy to GDP. For the remaining countries 
such as France, Germany, Italy, New Zealand and Switzerland, the results are rather 
diverse from previous studies.
Uni-directional causality running from energy to GDP was found in Belgium, Korea, the 
Netherlands and Poland, and the results for Belgium and the Netherlands lend support to 
several previous studies. For instance, the results for Belgium and the Netherlands are 
consistent with the findings of a recent work of Lee (2006),
However results for Korea and Poland are in general contrary to the majority of the 
previous studies. In the case of Korea our result is different to Yu & Choi (1985) and 
Soytas & Sari (2003) who used Granger and Sims, and Cointegration methods in their 
bivariate models all of whom found causality running in the opposite way from GDP to 
energy. Moreover the result is not consistent with Cheng and Lai (1997) who found bi-
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directional causality in K o r e a  for the period 1955-1993 by using the s a m e  technique as this 
study (Hsiao’s Granger) in a bivariate m o d e l  but with different time frames. Furthermore, 
the results d o  not support the previous findings of M a s i h  &  M a s i h  (1997), Glasure (2002) 
and O h  &  Lee (2004), w h o  used cointegration in their multivariate framework. In the case 
of Poland, uni-directional causality from energy to G D P  is found w h ic h is contrary to the 
n o  causality findings of Y u  &  Ch o i  (1985), an d Soytas &  Sari (2003).
In the case of uni-causality running fr om G D P  to energy, wh ic h is found in C a n a d a  and 
S w e d e n , the results are inconsistent with previous studies. For C a n a d a , the result is 
different from the four previous diverse results such as Erol &  Y u  (1988), w h o  found 
energy to G D P  causality, Ghali &  El-Sakka (2004), w h o  found bi-directional causality, 
Soytas &  Sari (2003), w h o  found no evidence of causality and Le e  (2006), w h o  found 
energy to G D P  causality. Similarly for S w e d e n , the result is different from L e e ’s results 
wh ic h found energy to G D P  causality.
Lastly evidence of n o  causality w a s  found in T u rk e y , U K  an d U S A . For T u r k e y , the result is 
consistent with the findings of Altinay &  Karagol (2004), w h o  used the s a m e  technique, 
Hsiao’s Granger for the period 1950-2000 but inconsistent with the findings of Soytas &  
Sari (2003), w h o  applied cointegration methods for the period 1950-1992 and found uni­
directional causality running from energy to G D P .  T h e  U K  result lends support to the 
findings of the majority of earlier wo rk s such as Erol &  Y u  (1988), Soytas &  Sari (2003) 
and Lee (2006), w h o  found no causality but is contrary to the finding of N a c h a n e  et al 
(1988), w h o  found bi-directional causality. For the U S A , the result is consistent with the 
majority of previous studies wh er e n o  evidence of causality w a s  found, for example Akarca 
&  L o n g  (1980), Y u  &  H w a n g  (1984), Y u  &  Choi (1985), Abosedra &  Baghestani (1991), 
Soytas &  Sari (2003) and C h e n g  (1996). T h e  first four used the traditional methods, 
standard Granger and S i m s  while C h e n g  (1996) used Hsiao’s Granger technique in a 
multivariate m o d e l  and Soytas &  Sari (2003) used cointegration technique in a bivariate 
model. T h e  results ho we ve r do not support the pioneering w o r k  of Kraft &  Kraft (1978) 
and Abosedra &  Baghestani (1991) for the study period 1947-1974, w h o  found uni­
causality running from G N P  to energy. T h e  results here also contradict the findings of 
S t e m  (1993) and Stern (2000), w h o  used a multivariate framework for the period 1947- 
1990 and 1948-1994, both of wh ic h found uni-directional causality from energy to real
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income wh i c h  implies that energy is a limiting factor to ec on om ic growth. Moreover, the 
results are also different fr om the finding of Le e (2006) w h o  found energy to G D P  
causality.
3 .4 .2  A s ia
20
There are 9 countries w h er e causality has been studied in the previous studies. T h e  
causality results for the study of 9 countries in this thesis s h o w  that 4  out of the 9 yield the 
s a m e  results as the findings from previous studies. These 4 countries are M a la y s ia , the 
P h ilip p in e s , S in g a p o r e  a n d  T a iw a n . T h e  following paragraphs will c o mp ar e the results 
with the previous studies based o n  the direction of causality.
It is surprising that causality is not found in the majority of these countries ( C h in a , In d ia , 
In d o n e s ia , M a la y s ia , P a k is t a n , S in g a p o r e  an d  S r i L a n k a ) . These results support the 
‘neutrality hypothesis’, w h ic h implies that the policy to reduce or limit C 0 2  emissions can 
be achieved without d a m a g i n g  ec on om ic growth in these countries. That is, as stated by 
Le e (2006), sustainable development strategies with lower levels of C 0 2  emission from 
fossil fuel combustion m a y  be reached. H o we ve r, uni-directional causality running from 
energy to G D P  w a s  found in the P h ilip p in e s  w h ic h implies that energy is an engine of 
ec on om ic growth in this country. Furthermore the opposite direction of causality from 
G D P  to energy w a s  found in T h a ila n d  an d  this indicates that energy consumption is 
fundamentally driven b y  in c o m e  an d taking measures to conserve energy m a y  be feasible 
without compromising econ om ic growth. This implies that a strategy for sustainable 
development with a lower level of C 0 2  emissions m a y  be appropriate ifc this country. W e  
found bi-directional causality in T a iw a n  and this indicates that the level of economic 
activity and energy consumption mutually influence each other.
For the countries in this group w h er e causality w a s  not found, such as C h in a , In d ia , 
In d o n e s ia , M a la y s ia , P a k is t a n , S in g a p o r e  an d S r i L a n k a , our results are highly consistent 
with those of M a s i h  &  M a s i h  (1996) w h o  found no evidence of causality in M a la y s ia  and 
S in g a p o r e  using a cointegration method. Ho we ve r, the results do not support the previous 
studies for the remaining countries, C h in a , In d ia , In d o n e s ia , P a k is t a n  an d S r i L a n k a .
20 China, India, Indonesia, Malaysia, Pakistan, Singapore, Sri Lanka, Taiwan and Thailand.
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T h e  results of uni-directional causality fr o m  energy to G D P  in the P h ilip p in e s  is consistent 
with the finding of an earlier study, Y u  &  Choi (1985), w h o  used the standard Granger and 
Si ms methods. H o we ve r, the other direction of causality running from G D P  to energy, 
w h ic h w a s  found in T h a ila n d , does not support the findings of M a s i h  &  Ma s i h  (1998), w h o  
used a multivariate m o d e l  an d  found opposite direction of causality running from energy to 
G D P  and Asafu & A d j a y e  (2000), w h o  also adopted a multivariate f r am ew or k and found bi­
directional causality in their model.
T h e  result of bi-directional causality, w h i c h  w a s  found in T a iw a n , is highly consistent with 
the majority of the previous studies such as H w a n g  &  G u m  (1992), M a s i h  &  M a s i h  (1997), 
Y a n g  (2000), Le e an d  C h a n g  (2005), w h o  used similar methods, Hsiao’s Granger and 
cointegration.
3 .4 .3  L a t i n  A m e r i c a
In the literature, there are 6 Latin A m e r i c a n  countries where causality has been studied. 
These countries are M e x ic o , V e n e z u e la , B r a z il,  C h ile , C o lo m b ia  an d G u a t e m a la . In this 
thesis, one-third (2 out o f  the 6) s h o w s  the s a m e  causality results as those fiom previous 
studies. There n o w  follows a detailed explanation based o n  the direction of causality.
In this group, uni-directional causality from energy to G D P  w a s  found in M e x ic o , C h ile  and 
C o lo m b ia  whilst uni-directional causality in the opposite direction from G D P  to energy 
w a s  found in V e n e z u e la . Bi-directional causality w a s  found in B r a z il. It w a s  surprising that 
evidence of no causality w a s  not found in this group of studies.
There are only t w o  previous studies; N a c h a n e  et al (1988) an d C h e n g  (1997) undertaken 
for this group. O u r  results support the earlier w o r k  of N a c h a n e  et.al (1988) w h o  found uni­
directional causality fr o m  energy to G D P  in M e x ic o  and found bi-directional causality in 
B r a z il. O u r  results h o w e v e r  do not support the finding of C h e n g  (1997) w h o  used the s a m e  
technique (Hsiao’s Granger) as the study but applied in a multivariate framework and 
found uni-directional causality running f r o m  energy to G D P  and n o  causality in M e x ic o  and 
V e n e z u e la . This m a y  imply that the structure of the m o de l (bivariate, multivariate) m a y  
affect the causality results.
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3.4.4 Africa
There are 17 African countries21 that have been studied for causality in the literature. T h e  
results from the thesis s h o w  that only 4  countries (nearly a quarter), A lg e r ia , B e n in , 
S e n e g a l and T o g o  yield results consistent with the previous studies, whereas the remainder 
s h o w  inconsistent results. T h e  comparison of the results based o n  direction of causality 
will be explained in detail below.
T h e  evidence of uni-directional causality fr om energy to G D P  w a s  found in E g y p t, C o n g o  
R e p u b lic , K e n y a  and Z im b a b w e whereas evidence of uni-directional causality from G D P  to 
energy w a s  found only in A lg e r ia . Bi-directional causality w a s  found in G h a n a , M o r o c c o , 
S u d a n  an d T u n is ia . O n  the other hand, causality w a s  not detected in C o n g o , C a m e ro o n , 
N ig e r ia , G a b o n , Z a m b ia , B e n in , S e n e g a l an d T o g o .
There is only one previous study in the literature, Wolde-Rufael (2005), w h o  used the T o d a  
an d  Y a m a m o t o ’s Granger m e t h o d  to investigate causality in this group. T h e  results of this 
study are consistent with his findings for Algeria where uni-directional causality running 
from G D P  to energy w a s  detected, and for B e n in , S e n e g a l an d T o g o  wh er e no causality w a s  
found. For the other countries this study’s results do not support his results. T h e  differences 
in results m a y  be due to differences in econometric methods.
In summ ar y, this study’s results are both consistent and inconsistent with the previous 
studies. Broadly speaking, the causality results for the developed countries are generally 
consistent with those of the previous studies particular in cases of uni-directional causality 
running from G D P  to energy and wh er e there is no evidence of causality. T h e  results for 
the developing group are generally inconsistent with those in the previous studies except 
for s o m e  countries in Asia ( M a la y s ia , S in g a p o r e , P h ilip p in e s  and, the obvious cases such 
as T a iw a n  w h o  use the s a m e  technique as this study (Hsiao’s Granger), B r a z il in Latin 
America, and the minority of the countries in Africa ( A lg e r ia , B e n in , S e n e g a l and T o g o )  
w h ic h yield results consistent with this study. T h e  inconsistent results m a y  derive from 
differences in techniques, model, definition of variables used and time frames.
21 Algeria, Congo, Egypt, Ghana, Cameroon, Morocco, Nigeria, Gabon, Zambia, Benin, Congo RP, Kenya,
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3.5 Summary and Conclusion
This chapter has empirically investigated the causal relationship between aggregate energy 
consumption and ec on om ic growth for 30 O E C D  and 78 n o n - O E C D  countries. Causality 
tests we re systematically performed using recently developed techniques. T o  generate a 
clearer distinction between developed an d developing countries the H D I  has been adopted 
to categorise the countries.
T i m e  series properties of the data were analysed b y  m e a n s  of a unit root test before 
applying tests for co-integration via the Johansen method. W h e r e  cointegration w a s  
established, once identified, the error-correction terms were extracted an d  e m b e d d e d  as an 
additional lagged-level regressor in a bivariate V A R  system in first differences. This 
formulation allowed further channels of causality to emerge and provided the opportunity 
to examine the causal relationship b y  preseiving the short run dynamics without the loss of 
long run information. Since the result of causality is very sensitive to lag length, the 
Hsiao’s Granger technique w a s  adopted w h i c h  combines the definition of Granger- 
causality and final prediction criteria (FPE) to select the o p t i m u m  lag for the model.
Although there is s o m e  evidence of e n e r g y - G D P  and G D P - e n e r g y  causality for the 
O E C D / d e v e l o p e d  group of countries an d the no n- O E C D / d e v e l o p i n g  group of countries the 
proportion is far greater for the O E C D / d e v e l o p e d  group, therefore refuting the hypothesis 
set out in Chapter 1 about the relationship between energy and G D P .
Within this, however, there are s o m e  interesting differences. T h e  results indicate that 
causality from G D P  to energy consumption is m o r e  prevalent in the O E C D / d e v e l o p e d  
countries than the no n- OE CD /d ev el op ing countries (but the difference is not as great as the 
causality from energy to G D P )  with G D P  to energy causality found for 6 0 %  of O E C D  
countries c o m p a r e d  to 4 5 %  of n o n - O E C D  countries and 5 1 %  and 5 1 %  for the high and 
m i d  development countries respectively c o m p a r e d  to only 3 5 %  for the l o w  development 
group of countries. This suggests that it is only in the very poor nations that causality from 
G D P  to energy appears to be generally weak, possibly reflecting that a lot of these 
countries have economies based o n  agriculture and hence, given their stage of
Senegal, Sudan, Togo, Tunisia and Zimbabwe.
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development, are less energy dependent, as discussed by J u m b e  (2004), and hence energy 
use in these poor countries is not generally affected b y  income.22
A s  for energy to G D P  causality the results, as stated, also indicate that it is m o r e  prevalent 
in the O E C D / d e v e l o p e d  countries than the n o n - O E C D  countries, but the distinction is a lot 
greater than that of the causality from G D P  to energy: 6 3 %  in O E C D  countries co mp ar ed  
to 5 0 %  in n o n - O E C D  countries and 6 4 % ,  5 1 % ,  an d 2 4 %  for the high, mid, an d lo w  
development countries respectively. H e n c e  the results suggest that the degr ee of causality 
from energy to G D P  is generally le s s in the developing world than the developed world (or 
alternatively causality from energy to G D P  generally in c r e a s e s at higher stages of 
development).23 H e n c e  the results support the vi ew that energy is generally neutral with 
respect to its effect o n  ec on om ic growth in the developing world, implying that the effect 
of energy conservation policies to help c o m b a t  global warning w o u l d  have a greater 
detrimental effect o n  the overall growth of O E C D / d e v e l o p e d  countries than that of the non- 
O E CD / d e v e l o p i n g  countries. Nonetheless, s o m e  of developing countries w o u l d  be 
affected given that the results still suggest that there w o u l d  b e  causality from energy to 
G D P  for 2 4 %  of the poorest nations an d  5 1 %  of the m i d  in c o m e  nations. However, 
causality w a s  not found for the t w o  developing countries with the m o s t  impressive growth 
over recent years: China an d  India -  perhaps suggesting that they should be brought into 
future climate change agreements.
This w o r k  suggests a different result to initial expectations w h i c h  might reflect the reliance 
of the large developed economies, such as the U S A ,  o n  energy sources such as electricity 
and gasoline whereas m a n y  developing countries are still reliant o n  m o r e  primitive energy 
sources. Furthermore, aggregate energy consumption is arguably a crude approximation to 
energy services, wh ic h is the real driver of growth an d development; hence further 
investigation of the effect of disaggregating fuels (into for example electricity and gasoline 
consumption) w o u l d  help to support or refute the results presented here. Moreover, in 
order to do a systematic and consistent study for over 100 countries a bivariate approach
22 This probably highlights that consumers in the poorest of nations still rely on primitive energy sources such 
as biomass, wood, etc. so that more conventional advanced sources, such as electricity, are very limited as 
GDP grows from a very low base.
23 This is probably related to the problem of low developed countries not having access to advanced 
technologies which tend, on average, to require more energy. Low technologies, used by the poorest 
countries, restrict GDP and growth, hence the finding that energy in general does not ‘cause’ GDP.
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has been adopted here, whereas a multivariate analysis might produce different results; 
however, this could not be performed o n  such a large n u m b e r  of countries due to data 
limitations.
Nevertheless, this is, as far as is k n o w n ,  the first systematic study of such a large n u m b e r  of 
countries an d has produced results that are contrary to initial expectations; that is causality 
between energy to G D P  is m o r e  prevalent in the d e v e l o p e d / O E C D  world than the 
d e v e lo pi ng /n on -O ECD world. In particular, causality from energy to G D P  is m o r e  
prevalent in the d e v e l o p e d / O E C D  world than the de ve lo pi ng /n on -O ECD world. This has 
significant consequences in a global context especially w h e n  measures to reduce energy 
consumption are undertaken to reduce pollutant emissions, since it suggests that these will 
have a greater impact o n  the G D P  of the developed world than the developing world.
T h e  next chapter will n o w  investigate causality between disaggregate energy consumption 
(electricity an d  petroleum) an d  G D P  using to the s a m e  methodology as used in this chapter.
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Table 3.3 : A D F  tests for O E C D  countries
Countries Variables ADF Test ADF test Results
Level P-value* Lags” Difference P-value* Lags**
Australia Energy -1.8029 0.6859 0 -6.4323 0.0000 0 1(1)
GDP -2.1986 0.4783 0 -6.0623 0.0000 0 1(1)
Austria Energy -2.3229 0.4132 0 -5.8338 0.0000 0 1(1)
GDP -0.9492 0.9405 0 -5.0265 0.0002 0 1(1)
Belgium Energy -2.3954 0.3766 0 -5.1369 0.0001 0 1(1)
GDP -1.7382 0.7167 0 -5.0849 0.0001 0 1(1)
Canada Energy -1.8531 0.6611 0 -4.7212 0.0004 0 1(1)
GDP -2.7704 0.2157 0 -4.4265 0.0010 0 1(1)
Czech Republic Energy -1.3260 0.8679 0 -6.5844 0.0000 0 1(1)
GDP -2.8804 0.1787 0 -6.7800 0.0000 0 1(1)
Denmark Energy -3.5111 0.0511 1 -3.5275 0.0125 4 1(1)
GDP -3.3394 0.0736 0 -6.0754 0.0000 0 1(1)
Finland Energy -3.1026 0.1189 1 -4.6173 0.0006 0 1(1)
GDP -2.0831 0.5399 1 -3.6135 0.0096 0 1(1)
France Energy -2.6638 0.2561 1 -4.3424 0.0013 0 1(1)
GDP -2.3822 0.3832 0 -3.1438 0.0308 0 1(1)
Germany Energy -1.7090 0.7300 0 -4.9052 0.0002 0 1(1)
GDP -1.3639 0.8571 1 -4.3854 0.0011 0 1(1)
Greece Energy -2.4425 0.3537 0 -4.2157 0.0018 0 1(1)
GDP -2.8417 0.1911 0 -4.5306 0.0007 0 1(1)
a
Hungary Energy -2.0368 0.5626 0 -3.3986 0.0174 1 1(1)
GDP -2.1203 0.5180 1 -3.6975 0.0082 0 1(1)
Iceland Energy -1.5679 0.7892 0 -6.5350 0.0000 0 1(1)
GDP -2.6394 0.2659 1 -4.2318 0.0018 0 K1)
Ireland Energy -2.6941 0.2440 0 -7.1114 0.0000 0 1(1)
GDP -1.1230 0.9129 1 -3.7852 0.0061 0 1(1)
Italy Energy -4.5966 0.0034 0 KO)
GDP -1.7964 0.6891 0 -4.8146 0.0003 0 1(1)
Japan Energy -3.6618 0.0361 0 -3.3923 0.0169 0 1(1)
GDP -1.9747 0.5978 1 -3.2534 0.0237 0 1(1)
b
Korea Energy -1.4077 0.8393 0 -5.3512 0.0001 0 1(1)
GDP -1.3329 0.8611 0 -5.0668 0.0003 0 1(1)
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Table 3.3 continued
Countries Variables ADF Test ADF test Results
Level P-value* Lags** Difference P-value* Lags**
Luxembourg Energy -2.2140 0.4701 0 -6.1786 0.0000 0 1(1)
GDP -1.5235 0.8058 0 -5.1931 0.0001 0 1(1)
b
Mexico Energy -1.7154 0.7209 0 -4.0131 0.0042 0 1(1)
GDP -2.5537 0.3023 0 -4.3426 0.0018 0 1(1)
Netherlands Energy -2.4252 0.3621 0 -4.2500 0.0017 0 1(1)
GDP -2.8671 0.1831 1 -4.2339 0.0017 0 1(1)
New Zealand Energy -2.2501 0.4510 0 -7.6108 0.0000 0 KD
GDP -2.4670 0.3421 0 -5.7433 0.0000 0 KD
Norway Energy -2.1755 0.4906 0 -4.4731 0.0009 0 KD
GDP -1.1516 0.9074 1 -3.4360 0.0152 1 KD
Poland Energy -1.3281 0.8673 0 -4.7193 0.0004 0 KD
GDP -2.4236 0.3627 1 -3.5452 0.0114 0 KD
Portugal Energy -2.5606 0.2994 2 -5.5900 0.0000 0 KD
GDP -2.0552 0.5549 1 -3.0198 0.0418 3 KD
b
Slovakia Energy -2.0882 0.5325 0 -4.6367 0.0008 0 KD
GDP -2.8336 0.1967 1 -3.3799 0.0199 1 KD
Spain Energy -2.8173 0.1998 3 -4.0183 0.0032 0 1(1)
GDP -2.5151 0.3197 1 -3.4774 0.0136 0 KD
Sweden Energy -2.9277 0.1643 0 -4.6335 0.0005 0 KD
GDP -2.8653 0.1836 1 -3.9279 0.0041 0 1(1)
Switzerland Energy -2.9813 0.1491 0 -5.7602 0.0000 0 KD
GDP -2.1532 0.5022 1 -4.5405 0.0007 0 KD
Turkey Energy -1.9020 0.6362 0 -7.2834 0.0000 0 KD
GDP -2.5921 0.2857 0 -7.5710 0.0000 0 KD
UK Energy -2.4729 0.3393 0 -6.9074 0.0000 0 K1)
GDP -3.8057 0.0260 1 -5.4119 0.0001 1 KD
USA Energy -2.9540 0.1570 1 -4.2862 0.0015 0 KD
GDP -4.2758 0.0081 1 -5.0690 0.0002 1 KD
Notes:
Data for most countries covers the period 1960-2003 other than:
a where data covers the period 1965-2003; and
b
where data covers the period 1971-2003. 
*MacKinnon (1996) one-sided p-va!ues.
** Based on SIC.
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Table 3.6 : Summary of the integration, cointegration and causality results for OECD countries
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration
Stage 3: Causality
Both energy & GDP Between energy & GDP E —> Y
(i)
Y  —> E 
(«)
E <— >Y 
(iii)
E —  Y  
(iv)
E < = > Y  
(i+ii+iii)
E => Y  
(i+iii)
Y  => E 
(ii+iii)
Australia a/ V V V V
Austria a/ V V V
Belgium V V Af V
Canada < j
Czech Republic V
Denmark j a/ V <
Finland < V V V V
France a/ %' V j a/
Germany V Af a! V V
Greece V V Af V
Hungary ” a/ V Af Af a'
Iceland V a/ a/ a' a/
Ireland a! j V V Af
Italy a! a/ V aI
Japan V Af V V V
Korea b a/ V a! a'
Luxembourg V a/
Mexico b V j V V
Netherlands a/ j Af V V a/
New Zealand a/ V a! V V
Norway V a/ Af V a/ V
Poland V V V V
Portugal < V V Af V
Slovakia b a/ a/ V V
Spain V j V Af
Sweden a/ V a' Af
Switzerland a/ V V xf a/ V
Turkey a/ V
United Kingdom j Af
United States a/ V
Total 29 4 6 5 13 6 24 19 18
% 97% 13% 20% 17% 43% 20% 80% 63% 60%
Data for most countries covers the period 1960-2003 other than:
where data covers the period 1965-2003; and 
b where data covers the period 1971-2003.
* Either e or y  were found to be 1(2) with the other being 1(1) or 1(2) therefore cointegration was still tested.
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Table 3.7 : A D F  Tests for N on -O E C D  Countries
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Albania Energy -1.6305 0.7573 1 -3.9750 0.0046 0 1(1)
GDP -1.7529 0.7028 1 -3.8847 0.0058 0 1(1)
Algeria Energy -2.4485 0.3496 0 -4.0850 0.0035 0 1(1)
GDP -2.1320 0.5043 7 -7.4977 0.0000 0 1(1)
Angola Energy -2.2072 0.4698 0 -5.8966 0.0000 0 1(1)
GDP -1.7664 0.6964 1 -10.2082 0.0000 0 1(1)
Argentina Energy -1.9301 0.6149 1 -4.2890 0.0021 0 1(1)
GDP -2.1397 0.5053 0 -5.2910 0.0001 0 1(1)
Bahrain Energy -5.1533 0.0011 0 l(0)
GDP -2.4945 0.3285 6 -5.5045 0.0001 0 1(1)
Bangladesh Energy -2.0883 0.5325 0 -7.4086 0.0000 0 1(1)
GDP -0.4020 0.9819 6 -0.1681 0.9307 6 1(2)
Benin Energy -1.8203 0.6712 0 -5.4719 0.0001 0 1(1)
GDP -1.2904 0.8723 0 -4.6248 0.0008 0 1(1)
Bolivia Energy -1.9745 0.5926 0 -4.5418 0.0011 0 1(1)
GDP -1.0725 0.9177 0 -6.8038 0.0000 0 1(1)
Brazil Energy -2.9472 0.1625 1 -3.1161 0.0357 0 1(1)
GDP -2.9594 0.1596 2 -3.8560 0.0062 0 1(1)
Brunei Energy -1.3077 0.8678 0 -5.6949 0.0000 0 1(1)
GDP -3.2343 0.0977 3 -2.7999 0.0711 3 1(1)
Bulgaria Energy -2.1801 0.4840 0 -4.4739 0.0013 0 1(1)
GDP -2.2156 0.4649 1 -3.0362 0.0425 0 1(1)
Cameroon Energy -2.3819 0.3813 0 -5.6358 0.0001 0 1(1)
GDP -2.7603 0.2223 4 -4.8583 0.0005 0 1(1)
Chile Energy -2.4452 0.3511 0 -4.1936 0.0026 0 1(1)
GDP -3.5533 0.0510 1 -3.4078 0.0186 1 1(1)
China Energy -2.3127 0.4156 0 -4.9457 0.0004 0 1(1)
GDP -2.8623 0.1876 1 -2.6932 0.0869 1 1(1)
Colombia Energy -1.9889 0.5800 6 -3.2676 0.0254 0 1(1)
GDP -1.5515 0.7896 0 -4.6769 0.0007 0 1(1)
Congo Energy -2.3299 0.4069 0 -6.3108 0.0000 0 1(1)
GDP -2.1262 0.5124 0 -4.7720 0.0006 0 1(1)
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Table 3.7 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-vaiue* Lags**
Congo Rep. Energy -2.0271 0.5649 0 -5.5609 0.0001 0 1(1)
GDP -2.1205 0.5148 1 -3.0243 0.0436 0 1(1)
Costa Rica Energy -2.8815 0.1814 0 -6.3113 0.0000 0 1(1)
GDP -1.5059 0.8065 0 -4.3691 0.0017 0 1(1)
Cote d’Ivoire Energy -1.7453 0.7071 0 -5.5468 0.0001 0 1(1)
GDP -2.2654 0.4397 0 -4.3419 0.0018 0 1(1)
Cuba Energy -1.9555 0.6025 0 -4.1849 0.0027 0 1(1)
GDP -1.9826 0.5876 1 -3.1142 0.0358 0 1(1)
Cyprus Energy -2.7860 0.2123 0 -4.7945 0.0005 0 1(1)
GDP -3.1278 0.1172 0 -5.3372 0.0001 0 1(1)
Dominican Republic Energy -1.6631 0.7441 0 -6.4166 0.0000 0 1(1)
GDP -1.9254 0.6181 0 -4.4691 0.0013 0 1(1)
Ecuador Energy -1.6391 0.7544 0 -5.2522 0.0002 0 1(1)
GDP -3.3116 0.0825 0 -4.5560 0.0010 0 1(1)
Egypt Energy -1.4670 0.8200 0 -5.9587 0.0000 0 1(1)
GDP -1.1722 0.8994 0 -3.7222 0.0086 0 1(1)
El Salvador Energy -1.5602 0.7863 0 -5.6547 0.0001 0 1(1)
GDP -2.5030 0.3246 1 -2.9828 0.0480 1 1(1)
Ethiopia Energy -2.1105 0.5207 0 -5.1990 0.0002 0 1(1)
GDP -1.9730 0.5933 0 -5.4298 0.0001 1 1(1)
Gabon Energy -2.0530 0.5512 0 -5.0286 0.0003 0 1(1)
GDP -2.9344 0.1657 0 -4.1166 0.0032 0 1(1)
Ghana Energy -1.2286 0.8860 2 -4.8357 0.0005 1 1(1)
GDP -1.7074 0.7189 6 -3.9547 0.0048 0 1(1)
Gibraltar Energy -2.4503 0.3487 0 -3.0129 0.0454 2 1(1)
GDP -5.8450 0.0003 6 K0)
Guatemala Energy -1.4738 0.8177 0 -4.9062 0.0004 0 1(1)
GDP -2.3910 0.3767 1 -2.7564 0.0763 0 1(1)
Haiti Energy -1.4916 0.8115 0 -5.3460 0.0001 0 1(1)
GDP -1.8238 0.6695 0 -4.4559 0.0013 0 1(1)
Honduras Energy -4.0620 0.0168 1 -6.0145 0.0000 0 1(1)
GDP -4.2575 0.0113 3 -4.1216 0.0032 0 1(1)
115
Table 3.7 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Hong Kong Energy -2.1587 0.4952 0 -5.5048 0.0001 0 1(1)
GDP -0.7061 0.9640 0 -4.8940 0.0004 0 1(1)
India Energy -2.2705 0.4370 0 -5.8139 0.0000 0 1(1)
GDP -2.6020 0.2819 0 -6.0759 0.0000 0 1(1)
Indonesia Energy -2.4488 0.3493 1 -3.9044 0.0055 0 1(1)
GDP -0.7252 0.9623 0 -4.3810 0.0016 0 1(1)
Iran Energy -4.2311 0.0116 2 -4.8511 0.0005 0 1(1)
GDP -0.8192 0.9516 4 -3.2285 . 0.0277 0 1(1)
Iraq Energy -1.1928 0.8951 0 -3.8046 0.0072 1 1(1)
GDP -1.9522 0.6042 0 -4.3761 0.0016 0 1(1)
Israel Energy -2.9865 0.1518 1 -4.6432 0.0008 0 1(1)
GDP -2.4458 0.3508 0 -6.1851 0.0000 0 1(1)
Jamaica Energy -1.5555 0.7881 0 -5.8897 0.0000 0 1(1)
GDP -1.6863 0.7340 0 -6.4762 0.0000 0 1(1)
Jordan Energy -1.4980 0.8093 0 -5.3711 0.0001 0 1(1)
GDP -2.4895 0.3304 3 -3.4632 0.0167 2 1(1)
Kenya Energy -1.9148 0.6236 0 -5.5774 0.0001 0 1(1)
GDP -1.0364 0.9238 1 -5.8595 0.0000 1 1(1)
Kuwait Energy -4.7437 0.0033 1 KO)
GDP -1.5614 0.7858 0 -6.0098 0.0000 0 1(1)
Lebanon Energy -2.9917 0.1509 2 -4.2122 0.0027 2 K1)
GDP -3.3727 0.0736 1 -2.4146 0.1477 5 l(2)
Libya Energy -3.6893 0.0406 5 -4.8216 0.0005 0 1(1)
GDP -1.0820 0.9166 0 -4.7859 0.0006 0 1(1)
Malaysia Energy -2.2968 0.4232 1 -4.7399 0.0006 0 1(1)
GDP -1.9060 0.6281 0 -4.8857 0.0004 0 1(1)
Malta Energy -3.6772 0.0388 0 -9.4701 0.0000 0 1(1)
GDP -3.0099 0.1462 2 -1.3546 0.5907 1 l(2)
Morocco Energy -2.3116 0.4161 0 -5.5945 0.0001 0 1(1)
• GDP -1.9226 0.6188 1 -9.2138 0.0000 0 1(1)
Mozambique Energy -1.6761 0.7385 0 -5.1934 0.0002 0 1(1)
GDP -0.8506 0.9496 0 -3.3324 0.0219 0 KD
116
Table 3.7 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Myanmar Energy -2.0289 0.5639 0 -5.4041 0.0001 0 1(1)
GDP -1.7102 0.7225 1 -2.9794 0.0480 0 1(1)
Nepal Energy -1.7240 0.7170 0 -5.4934 0.0001 0 1(1)
GDP -2.6559 0.2602 0 -6.4036 0.0000 1 1(1)
Nicaragua Energy -1.4614 0.8219 0 -5.2649 0.0002 0 1(1)
GDP -2.1020 0.5252 0 -5.7670 0.0000 0 1(1)
Nigeria Energy -2.0747 0.5397 0 -5.9508 0.0000 1 1(1)
GDP -1.3218 0.8641 0 -5.4605 0.0001 0 1(1)
Oman Energy -3.3409 0.0784 1 -4.0606 0.0038 1 1(1)
GDP -2.8370 0.1957 1 -4.6688 0.0008 0 1(1)
Pakistan Energy -2.3304 0.4067 0 -5.2787 0.0001 0 KD
GDP -1.4782 0.8162 0 -5.3248 0.0001 0 KD
Panama Energy -1.0166 0.9274 0 -4.9051 0.0004 0 1(1)
GDP -2.6800 0.2510 1 -4.1654 0.0028 0 1(1)
Paraguay Energy -2.7104 0.2397 2 -3.7429 0.0082 0 1(1)
GDP -3.3142 0.0870 7 -2.9160 0.0549 0 1(1)
Peru Energy -1.4725 0.8182 0 -4.5358 0.0011 0 1(1)
GDP -1.8893 0.6367 0 -4.6723 0.0007 0 1(1)
Philippines Energy -1.6352 0.7553 1 -3.4452 0.0168 0 1(1)
GDP -3.1098 0.1217 1 -3.8831 0.0059 1 1(1)
Qatar Energy -7.1531 0.0000 7 -2.3746 0.1576 3 K2)
GDP -0.0913 0.9928 0 -4.7464 0.0006 0 KD
Romania Energy -2.7068 0.2408 1 -2.7143 0.0830 0 1(1)
GDP -2.8125 0.2036 1 -2.0916 0.2492 0 1(2)
Saudi Arabia Energy -2.5134 0.3198 2 -2.7311 0.0803 0 1(1)
GDP -2.4213 0.3622 1 -3.1241 0.0350 0 1(1)
Senegal Energy -1.7123 0.7223 0 -6.1696 0.0000 0 1(1)
GDP -1.8183 0.6722 0 -5.8194 0.0000 0 K1)
Singapore Energy -2.3536 0.3952 0 -5.4598 0.0001 0 KD
GDP -1.6819 0.7359 0 -5.1716 0.0002 1 1(1)
Sri Lanka Energy -2.8816 0.1813 0 -6.6049 0.0000 0 1(1)
GDP -3.2505 0.0929 0 -7.1372 0.0000 0 1(1)
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Table 3.7 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Sudan Energy -2.2439 0.4507 0 -7.0715 0.0000 0 1(1)
GDP -1.7088 0.7239 0 -4.1450 0.0030 0 1(1)
Taiwan Energy -2.2762 0.4341 0 -4.9077 0.0004 0 1(1)
GDP -0.2945 0.9873 0 -4.3523 0.0017 0 1(1)
Tanzania Energy -1.8001 0.6811 0 -5.6454 0.0001 0 1(1)
GDP -1.3939 0.8428 1 -2.5038 0.1243 0 I (2)
Thailand Energy -1.3891 0.8449 0 -4.4268 0.0014 0 1(1)
GDP -2.1158 0.5173 1 -3.2069 0.0291 0 1(1)
Togo Energy -2.6155 0.2764 0 -5.4461 0.0001 0 1(1)
GDP -2.7391 0.2288 0 -6.0886 0.0000 0 1(1)
Trinidad & Tobago Energy -2.6878 0.2478 0 -6.3169 0.0000 0 1(1)
GDP -1.2261 0.8872 1 -2.7601 0.0758 0 1(1)
Tunisia Energy -4.6857 0.0050 0 1(0)
GDP -3.4079 0.0681 0 -8.9405 0.0000 0 1(1)
United Arab Energy -0.7061 0.9640 0 -6.8340 0.0000 0 1(1)
Emirates GDP -3.1088 0.1214 0 -6.7492 0.0000 1 1(1)
Uruguay Energy -2.3081 0.4175 1 -3.2887 0.0242 0 1(1)
GDP -2.9281 0.1679 1 -3.9535 0.0048 0 1(1)
Venezuela Energy -2.1491 0.4985 3 -4.6589 0.0008 0 1(1)
GDP -1.2227 0.8885 0 -3.8456 0.0064 0 1(1)
Vietnam Energy -1.9450 0.6080 0 -5.0543 0.0003 0 1(1)
GDP -2.6226 0.2738 4 -4.9097 0.0004 0 1(1)
Yemen Energy -3.3718 0.0732 0 -5.9938 0.0000 0 1(1)
GDP -2.0677 0.5434 0 -4.8360 0.0005 0 1(1)
Zambia Energy -1.6569 0.7468 0 -5.7324 0.0000 0 1(1)
GDP -2.1940 0.4767 0 -7.1699 0.0000 0 1(1)
Zimbabwe Energy -1.9503 0.6052 0 -5.8479 0.0000 0 1(1)
GDP -1.5981 0.7713 0 -4.2960 0.0020 0 1(1)
Note:
Data for all countries covers the period 1971-2003. 
‘ MacKinnon (1996) one-sided p-values.
** Based on SIC.
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Table 3.10 : Summary of the integration, cointegration and causality results for non-OECD countries
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both energy & GDP Between energy & GDP E—> Y 
(0
Y —> E
(ii) (iii)
E — Y 
(iv)
E <=>Y 
(i+ii+iii)
E => Y 
(i+iii)
Y=>E
(ii+iii)
Albania ■J V V
Algeria < J V V
Angola V J V
Argentina V V V
Bahrain
Bangladesh (V)* J
Benin < J
Bolivia V V J V V
Brazil V v V J J
Brunei V < J J V
Bulgaria J J J V
Cameroon V V
Chile V V < J
China •J V
Colombia ■J V V J
Congo V V V
Congo Republic V V V V
Costa Rica vf V
Cote d’Ivoire si V V V
Cuba V V J V
Cyprus < j V J V J
Dominican Rep. V V V
Ecuador J V vf vf
Egypt J J V V J
Ei Salvador V V V
Ethiopia V V J V J V
Gabon V V
Ghana V j V vf V V
Gibraltar V V V J
Guatemala vf V J
Haiti ■J V vf
Honduras V V
Hong Kong V
India vf V
Indonesia V J
Iran vf V J V J
Iraq V V
Israel V V
Jamaica V V
Jordan V 1 J V V
Kenya V J V J
Kuwait V
Lebanon (V)* v V V V
Libya V V < V
Malaysia J V
Malta (V)* V V 1 V
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Table 3.10 : Continued.
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both energy & GDP BctAA’eeii energy & GDP E—>Y 
(0
Y —> E
(ii)
E <—->Y 
(iii)
E — Y
(iv)
E <=>Y 
(i+ii+iii)
E=>Y
(i+iii)
y ==> e 
(ii+iii)
Morocco a/ vf Af Af Af
Mozambique A1 Af
Myanmar a/ a' Af Af
Nepal . a/ Af Af a'
Nicaragua Af Af V a/
Nigeria Af a/
Oman Af V Af Af V Af
Pakistan Af a'
Panama Af a/ a/ V
Paraguay a/ v'
Peru Af V a/ a'
Philippines Af Af a/ V
Qatar (Af)* j Af a' Af
Romania (V)* a/ Af A! V
Saudi Arabia Af Af Af V V
Senegal Af a/
Singapore Af V Af a/
Sri Lanka A/ Af V V AI
Sudan a/ Af V Af
Taiwan Af V Af V
Tanzania (V)* V
Thailand Af Af Af Af
Togo A1 V Af V
Trinidad & Tobago V V A/ a/
Tunisia V Af a'
United Arab Em. Af Af Af a' A/
Uruguay */ Af Af a/
Venezuela A/ . V V Af V
Vietnam a/ A1 Af V
Yemen Af V V A/ Af
Zambia V Af
Zimbabwe Af a[
Total 68 9 20 16 19 23 SS 39 35
% 87% 12% 26% 21% 24% 29% 71% 50% 45%
Data for most countries covers the period 1971-2003 other than:
* Either e or y were found to be l(2) with the other being 1(1) or l(2) therefore cointegration was still tested.
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Ta bl e 3.11: C o m p a r i s o n  of causality results (aggregate energy a n d  G D P )  with 
previous studies based o n  individual countries
Countries Previous studies Methodology Period Conclusion This study
DCs:
Belgium Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—Y E -Y
Canada Erol & Yu (1988) Granger, Sims (B) 1950-1982 E—Y Y—E
Ghali & El-Sakka (2004) Cointegration (M) 1961-1997 E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Lee (2006) Toda & Yamamoto’s Granger (B) 1965-2001 E—Y
France Erol & Yu (1988) Granger, Sims (B) 1950-1982 E—Y E—Y
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 E—Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y—E
Germany Erol & Yu (1988) Granger, Sims (B) 1950-1982 Y—E E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 E—Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 EOY
Greece Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y E—Y
Hondroyiannis et al (2002) Cointegration (M) 1960-1996 E—Y
Italy Erol & Yu (1988) Granger, Sims (B) 1950-1982 Y—E E—Y
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 Y—E
Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y—E .
Japan Erol & Yu (1988) Granger, Sims (B) 1950-1982 E—Y E—Y
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y
Cheng (1998) Hsiao’s Granger (M) 1952-1995 Y—E
Soytas & Sari (2003) Cointegration (B) 1950-1992 E -Y
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 Y—E
Korea Yu & Choi (1985) Granger, Sims (B) 1950-1976 Y—E E -Y
Cheng & Lai (1997) Hsiao’s Granger (B) 1955-1993 E—Y
Masih & Masih (1997) Cointegration (M) 1955-1991 E—Y
Glasure (2002) Cointegration (M) 1961-1990 E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 Y—E
Oh & Lee (2004) Cointegration (M) 1970-1999 E—Y
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Netherlands Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—*Y E—>Y
New Zealand Fatai et al (2001) Toda & Yamamoto’s Granger (B) 1960-1999 Y—>E E+-+Y
Poland Yu & Choi (1985) Granger, Sims (B) 1950-1976 EOY E—Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Sweden Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—>Y Y—>E
Switzerland Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 ErtY E<-*Y
Turkey Soytas & Sari (2003) Cointegration (B) 1950-1992 E—>Y EOY
Altinay & Karagol (2004) Hsiao’s Granger (B) 1950-2000 EOY
UK Erol & Yu (1988) Granger, Sims (B) 1950-1982 EOY EOY
Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 ErtY
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Lee(2006) Toda & Yamamoto’s Granger (B) 1960-2001 EOY
USA Kraft & Kraft (1978) Sims (B) 1947-1974 Y—>E EOY
Akarca & Long (1980) Sims (B) 1947-1972 EOY
Yu & Hwang (1984) Granger, Sims (B) 1947-1979 EOY
Yu & Choi (1985) Granger, Sims (B) 1950-1976 EOY
Abosedra & Baghestani Granger (B) 1947-1972 EOY
(1991) 1947-1987 EOY
1947-1979 EOY
1947-1974 y ->e
Stem (1993) Granger (M) 1947-1990 E—>Y
Cheng(1996) Hsiao’s Granger (M) 1947-1990 EOY
Stem (2000) Cointegration (M) 1948-1994 E—>Y
Soytas & Sari (2003) Cointegration (B) 1950-1992 EOY
Lee (2006) Toda & Yamamoto’s Granger (B) 1960-2001 E—>Y
Asia:
China Wolde-Rufael (2005) Toda & Yamamoto’s Granger(B) 1952-1999 E—Y EOY
(Shanghai)
India Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 ErtY EOY
Masih & Masih (1996) Cointegration (B) 1955-1990 E—>Y
Cheng (1999) Hsiao’sGr anger,Cointegration(M) 1952-1995 Y—>E
Asafu & Adjaye (2000) Cointegration (M) 1973-1995 E—>Y
Indonesia Masih & Masih (1996) Cointegration (B) 1955-1990 Y—*E EOY
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Asafu &Adjaye (2000) Cointegration (M) 1973-1995 E—Y
Malaysia Masih & Masih (1996) Cointegration (B) 1955-1990 EOY EOY
Pakistan Masih & Masih (1996) Cointegration (B) 1955-1990 E—Y EOY
Aqueel & Butt (2001) Hsiao’s Granger (B) 1955-1996 Y—E
Philippines Yu & Choi (1985) Granger, Sims (B) 1950-1976 E—Y E—Y
Masih & Masih (1996) Cointegration (B) 1955-1990 EOY
Asafu &Adjaye (2000) Cointegration (M) 1971-1995 E—Y
Singapore Masih & Masih (1996) Cointegration (B) 1955-1990 EOY EOY
Glasure & Lee (1997) Cointegration (B) 1961-1999 E—Y
Sri Lanka Masih & Masih (1998) Cointegration (M) 1955-1991 E—Y EOY
Taiwan Hwang & Gum (1992) Hsiao’s Granger (B) N.A. E—Y E—Y
Cheng & Lai (1997) Hsiao’s Granger (B) 1955-1993 Y—E
Masih & Masih (1997) Cointegration (M) 1952-1992 E—Y
Yang (2000) Hsiao’s Granger (B) 1954-1997 E—Y
Lee & Chang (2005) Cointegration (B) 1954-2003 E—Y
Thailand Masih & Masih (1998) Cointegration (M) 1955-1991 E—Y Y—E
Asafu &Adjaye (2000) Cointegration (M) 1971-1995 E—Y
Latin
America:
Mexico Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y E—Y
Cheng(1997) Hsiao’s Granger (M) 1949-1993 EOY
Venezuela Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 EOY Y—E
Cheng (1997) Hsiao’s Granger (M) 1952-1993 EOY
Brazil Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y E—Y
Cheng (1997) Hsiao’s Granger (M) 1963-1993 E—Y
Chile Nachane etal (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y E—Y
Colombia Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 EOY E—Y
Guatemala Nachane et al (1988) Granger, Sims, Cointegration (B) 1950-1985 E—Y E—Y
Africa:
Algeria Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—E Y—E
Congo Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—E EOY
Egypt Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—E E—Y
Ghana Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 Y—E E—Y
Cameroon Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E—Y EOY
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Morocco Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 E—>Y ErtY
Nigeria Wolde-Rufael (2005) Toda&Yamamoto’s Granger (B) 1971-2001 ErtY EOY
Gabon Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 ErtY EOY
Zambia Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 ErtY EOY
Benin Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY EOY
Congo Rp Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY ErtY
Kenya Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY E-*Y
Senegal Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY EOY
Sudan Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY E-n-Y
Togo Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY EOY
Tunisia Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY ErtY
Zimbabwe Wolde-Rufael (2005) Toda & Yamamoto’s Granger (B) 1971-2001 EOY E—>Y
Note: —> refers to ‘uni-directional (one way) causality’
<-+ refers to ‘bi-directional (two ways) causality’
0 refers to ‘no causality’.
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C a u s a l i t y  b e t w e e n  ‘E l e c t r i c i t y  c o n s u m p t i o n  a n d  G D P ’ a n d  
‘P e t r o l e u m  c o n s u m p t i o n  a n d  G D P ’ : A  t i m e  s e r i e s  a p p r o a c h  1
4.1 Introduction
It can be seen from the previous chapter that causality between aggregate energy and G D P  
has been found in both O E C D  an d  n o n - O E C D  country groups, with the greater proportion 
in O E C D / h i g h  development countries. This chapter aims to investigate the causal 
relationship between disaggregate energy and G D P  to determine if the results are similar to 
those obtained in the previous chapter. T w o  m a i n  components of energy, na me ly electricity 
and petroleum, have been selected and causality has been tested for, in t w o  groups; namely 
i) electricity consumption and G D P ;  and ii) petroleum consumption and G D P .
In this chapter, the s a m e  me thodology2, data definition and time period as in the previous 
chapter has been undertaken. T h e  m a i n  part of this chapter will start with a description of 
the data used in the models an d  is then followed b y  the results and discussion, with a 
s u m m a r y  and conclusion at the end.
4.2 Data
Similar to Chapter 3, the analyses in this chapter are carried out o n  30 O E C D  countries and 
73 non O E C D  countries for the time period ranging from 1960-2003 for O E C D  countries 
and 1971-2003 for n o n - O E C D  countries respectively. All data c o m e s  from the s a m e  
source: I E A  Energy Statistics (2005) for O E C D  an d  n o n - O E C D  countries.
C h a p t e r  4
1 A summary of the results from an earlier version of research for this chapter, for data covering the period up 
to 2000, was presented in the 28,h Annual IAEE International Conference on ‘Globalization of Energy: 
Markets, Technology, and Sustainability’ in Taipei, Taiwan, 3-6 June 2005.
2 To perform causality test, the reasonable maximum lag of about 20% of total observations still applied. 
Therefore, for countries with data covering the period I960 to 2003 the maximum lag is 9, for countries with 
data covering the period 1965 to 2003 the maximum lag is 8 and for countries with data covering the period 
1971 to 2003 the maximum lag is 7.
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For each country ‘Elec’ is Final Electricity C o n s u m p t i o n  an d  ‘Petro’ is Final Petroleum 
C o ns um pt io n in thousand tones of oil equivalent (ktoe) divided b y  population and Y  is real 
G D P  in U S  dollars using Purchasing P o w e r  Parities (PPPs) divided b y  population.
This chapter will also classify countries based o n  the H D I  2 0 0 2 3 in order to have a clearer 
distinction between developed an d  developing countries. T h e  lists of the O E C D / n o n -  
O E C D  countries and the classification of the countries according to the H D I  are s h o w n  in 
Table 3.1 and Table 3.2 in Chapter 3.
4.3 Results of causality between electricity consumption an d  G D P
T h e  results of estimation for the O E C D  countries are presented in Table 4.1, Table 4.2, and 
Table 4.3 with a s u m m a r y  given in Table 4.4. T h e  results for the n o n - O E C D  countries are 
presented in Table 4.5, Table 4.6 an d  Table 4.7 with a s u m m a r y  given in Table 4.8.
Stage 1: In tegra tion
Table 4.1 an d Table 4.4 s h o w  that Elec and Y  are both found to be 1(1) for 26 out of the 30 
O E C D  countries ( 8 7 %  of the total). B y  contrast, Table 4.5 a n d  Table 4.8 s h o w  that for the 
78 n o n - O E C D  countries Elec an d  Y  are both found to be 1(1) for 61 countries (78%).
Stage 2 : Cointegration
Furthermore, Table 4.2 and Table 4.4 s h o w  that cointegration is found for 13 O E C D  
countries ( 4 3% ) whereas Table 4.6 an d Table 4.8 s h o w  that cointegration is found for 'only 
7 n o n - O E C D  countries (9%).
Stage 3: Causality
W h e n  undertaking the testing procedure outlined in Figure 3.1 in Chapter 3, there are four 
possible outcomes from the tests for causality:4
3 Human Development Report 2004.
4 When conducting the tests of causality, in the majority of cases the results from the Hsiao procedure were 
confirmed by the statistical tests at the 10% level but for a small minority they were confirmed at between 
11% and 28% levels of significance.
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i. Elec Granger causes Y,
ii. Y  Granger causes Elec,
iii. Elec Granger causes Y  and Y  Granger causes Elec,
iv. N o  Granger-causality exists.
Cases i) and ii) represent uni-directional (i.e one w a y  without feedback) causality and case 
iii) represents bi-directional causality (i.e. both w a y s  with feedback). T h e  O E C D  results 
are given in Table 4.3 and Table 4.4 and the n o n - O E C D  results in Table 4.7 and Table 4.8.5 
In addition, Figure 4.1a summarises the overall results where s o m e  form of causality exists 
in either or both directions (cases i, ii and iii). This s h ow s that 26 O E C D  countries ( 8 7 %  
of the total) s h o w  evidence of s o m e  causality c o m p a r e d  to only 56 n o n - O E C D  countries 
(72%), giving 82 countries ( 7 6 % )  overall. According to the H D I  classification w h ic h is 
illustrated in Figure 4.2b, s o m e  causality is found for 36 countries ( 8 0 %  of the total), 35 
countries (81%), and 9 countries ( 5 3 % )  in the high-development group, mid-development 
group, and low-development group respectively.
Figure 4.1a: Evidence of some form of Elec-Y causality in 
OECD and non-OECD countries
7 Although hardly any previous time series studies of Electricity-GDP causality present diagnostic tests for the 
estimated ‘Granger causality’ equations, a summary table for the equations estimated here are presented and 
discussed in the Appendix
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Figure 4.1b: Evidence of some form of Elec-Y causality in
high, mid, and low-development countries
T h e  proportion of countries in the O E C D  and n o n - O E C D  where it is found that Elec causes 
Y  (with or without feedback - the s u m  of type i and type iii) is illustrated in Figure 4.2a. 
This, and Tables 4.3 and 4.4, s h o w  that 18 O E C D  countries out of 30 (6 0 % )  s h o w  evidence 
of causality from Elec to Y  whereas, somewhat, 4 0  n o n - O E C D  countries from 78 ( 5 1% ) 
s h o w  this evidence.
Figure 4.2a: Summary of evidence of causality from Elec 
to Y for OECD and non-OECD countries
Since the O E C D / n o n - O E C D  split could be ma sk in g differences in stages of development, 
it w a s  decided to re-order all countries according to the HDI. T h e  proportions from these
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rankings are s h o w n  in Figure 4.2b. This, however, confirms the previous results; 23 high- 
development countries out of 45 ( 5 1 % )  s h o w  evidence of Elec to Y  causality, whereas 27 
mid-development countries out of 43 ( 6 3 % )  and 8 low-development countries out of 17 
(4 7 % )  s h o w  Elec to Y  causality.
Figure 4.2b: Summary of evidence of causality from Elec to 
Y for high, mid, and low-development countries
High Mid Low
Figure 4.3a illustrates the proportions of countries in the O E C D  and n o n - O E C D  categories 
wh er e it is found that Y  causes Elec (with or without feedback -  the s u m  of type ii and type 
iii). This shows, that 20 O E C D  countries out of 30 ( 6 7% ) and 37 n o n - O E C D  countries out 
of 78 (4 7 % )  s h o w  evidence of causality from Y  to Elec.
Figure 4.3a: Summary of evidence of causality from Y to 
Elec for OECD and non-OECD countries
OECD Non-OECD
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T h e  proportions fr o m  the rankings according to the H D I  are s h o w n  in Figure 4.3b. This 
confirms the previous results: 27 high-development countries out of 45 (60%), 2 4  m i d ­
development countries out of 43 ( 5 6 % )  an d  4  low-development countries out of 17 ( 2 4% )  
s h o w  evidence of Y  to Elec causality.
Figure 4.3b: Summary of evidence of causality from Y to 
Elec for high, mid, and low-development 
countries
80%
70%
60%
50%
40%
30%
20%
10%
0%
4.4 Results of causality between petroleum consumption and GDP
T h e  results of the estimation for the O E C D  countries are presented in Table 4.9, Table 
4.10, an d Table 4.11 with a s u m m a r y  given in Table 4.12. T h e  results for the n o n - O E C D  
countries are presented in Table 4.13, Table 4.14 an d Table 4.15 with a s u m m a r y  given in 
Table 4.16.
Stage 1: In teg ra tion
Table 4.9 an d Table 4.12 s h o w  that p e t r o  an d  y  are both found to be 1(1) for 23 out of the 
30 O E C D  countries ( 7 7 %  of the total). B y  contrast, Table 4.13 an d  Table 4.16 s h o w  that 
for the 78 n o n - O E C D  countries p e t r o  an d  y  are both found to b e  1(1) for 68 countries 
(87%).
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Stage 2: Cointegration
Furthermore, Table 4.10 an d Table 4.12 s h o w  that cointegration is found for 8 O E C D
countries ( 2 7 % )  whereas Table 4.14 and Table 4.16 s h o w  that cointegration is found for
only 10 n o n - O E C D  countries (13%).
Stage 3: Causality
W h e n  undertaking the testing procedure outlined in Figure 3.1 there are four possible 
outcomes from the tests for causality:6
i. Petro Granger causes Y,
ii. Y  Granger causes Petro,
iii. Petro Granger causes Y  an d Y  Granger causes Petro,
iv. N o  Granger-causality exists.
Cases i) an d ii) represent uni-directional (i.e on e  w a y  without feedback) causality and case 
iii) represents bi-directional causality (i.e. both w a y s  with feedback). T h e  O E C D  results 
are given in Table 4.11 and Table 4.12 and the n o n - O E C D  results in Table 4.15 and Table 
4.16.7 In addition, Figure 4.4a summarises the overall results wh er e s o m e  form of causality 
exists in either or both directions (cases i, ii an d iii). This sh o w s  that 26 O E C D  countries 
( 8 7 %  of the total) s h o w  evidence of s o m e  causality c o mp ar ed to 66 n o n - O E C D  countries 
(85%); giving 92 countries ( 8 5 % )  overall. According to the H D I  classification wh ic h is 
illustrated in Figure 4.4b, s o m e  causality is found for 37 countries ( 8 2 %  of the total), 38 
countries (88%), and 15 countries ( 8 8% ) in the high-development group, mid-development 
group, and low-development group respectively.
6 When conducting the tests of causality, in the majority of cases the results from the Hsiao procedure were 
confirmed by the statistical tests at the 10% level but for a small minority they were confirmed at between 
11% and 30% levels of significance.
7 Although hardly any previous time series studies of Petroleum-GDP causality present diagnostic tests for the 
estimated ‘Granger causality’ equations, a summary table for the equations estimated here are presented and 
discussed in the Appendix
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Figure 4.4a: Evidence of some form of Petro-Y causality
in OECD and non-OECD countries
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Figure 4.4b: Evidence of some form of Petro-Y causality 
in high, mid, and low-development countries
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T h e  proportion of countries in the O E C D  and n o n - O E C D  w h er e it is found that Petro 
causes Y  (with or without feedback - the s u m  of type i and type iii) is illustrated in Figure 
4.5a. This, and Tables 4.11 and 4.12, s h o w  that 19 O E C D  countries out of 30 ( 6 3 % )  s h o w  
evidence of causality from Petro to Y  whereas, similar proportion, 4 8  n o n - O E C D  countries 
from 78 ( 6 2% ) s h o w  this evidence.
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Figure 4.5a: Summary of evidence of causality from Petro
to Y  for OECD and non-OECD countries
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Since the O E C D / n o n - O E C D  split could be ma sk in g differences in stages of development, 
it w a s  decided to re-order all countries according to the HDI. T h e  proportions from these 
rankings are s h o w n  in Figure 4.5b. This, however, confirms the previous results; 29 high- 
development countries out of 45 ( 6 4 % )  s h o w  evidence of Petro to Y  causality, whereas 29 
mid-development countries out of 43 ( 6 7 % )  and only 7 low-development countries out of 
17 ( 4 1% ) s h o w  Petro to Y  causality.
Figure 4.5b: Summary of evidence of causality from Petro to 
Y for high, mid, and low-development countries
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Figure 4.6a illustrates the proportions of countries in the O E C D  an d n o n - O E C D  wh er e it is 
found that Y  causes Petro (with or without feedback -  the s u m  of type ii and type iii). This
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shows, that 17 OECD countries out of 30 (57%) and 42 non-OECD countries out of 78 
(54%) show evidence of causality from Y to Petro.
Figure 4.6a: Summary of evidence of causality from Y to 
Petro for OECD and non-OECD countries
OECD Non-OECD
The proportions from the rankings according to the HDI are shown in Figure 4.6b. This 
confirms the previous results, 20 high-development countries out of 45 (44%), 25 mid­
development countries out of 43 (58%) and 12 low-development countries out of 17 (71%) 
show evidence of Y to Petto causality.
Figure 4.6b: Summary of evidence of causality from Y to 
Petro for high, mid, and low-development 
countries
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4.5 Comparison of causality results with previous studies based on individual 
countries
It can be seen from the literature review in Chapter 2 that the majority of the previous 
studies o n  the causal relationship between disaggregate energy and economic growth have 
e m er ge d during the past decade a n d  have been conducted o n  developing countries rather 
than developed countries. It is surprisingly that no study has been done for the U S A .  M o s t  
of these studies investigated the relationship between electricity consumption an d G D P  
while only a fe w  studies e x a m i n e d  the causality between petroleum consumption an d G D P .  
This section aims to c o m p a r e  a n d  discuss the results from this thesis with those obtained 
from the previous studies for the individual countries where causality has previously been 
investigated before in the literature. T h e  s u m m a r y  of comparative results is s h o w n  in Table 
4.17. This table presents the causality results for s o m e  countries in developed countries 
group (DCs) and developing countries group such as Asia, Latin A m e r i c a  and Africa.
4.5.1 Electricity consumption a n d  G D P
4.5.1.1 Developed countries
In the literature, there are only 4  D C s  countries where causality between electricity and 
G D P  has been studied. These countries are A u s t r a lia , C a n a d a , G r e e c e  an d T u r k e y . T h e  
results from the thesis are consistent with the findings of these previous studies except in 
the case of C a n a d a . T h e  detail of the comparison b y  direction of causality will be 
explained below.
In table 4.17, evidence of causality has been found in all of the countries in this group 
including A u s t r a lia , C a n a d a , G r e e c e  an d T u r k e y . T h e  results from the study are highly 
consistent with those in the previous studies.
For example, evidence of uni-directional causality from G D P  to electricity w a s  found in 
A u s t r a lia . T h e  result is consistent with the finding of Narayan and S m y t h  (2005) w h o  used 
cointegration in their bivariate m o d e l  for the period 1966-1999. Moreover, the evidence of 
uni-directional causality from electricity to G D P  w a s  detected in T u rk e y . This result is 
highly consistent with the findings of the tw o studies, M u r r y  an d N a n  (1996) w h o  used
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Granger technique for the period 1970-1990 and Altinay an d Karagol (2005) w h o  adopted 
a very n e w  technique, Do lado-Lukepohl’s Granger for the extended period 1950-2000. 
Furthermore, the evidence of bi-directional causality between electricity and G D P  is found 
in G r e e c e  w h i c h  supports the finding of Hondroyiannis et al (2002) w h o  studied the 
relationship between sectoral energy, residential/industrial energy an d G D P  for the period 
1960-1996 and found bi-directional causality between residential energy an d G D P .
4.5.1.2 Asia
There are 13 countries8 wh er e causality has been studied before. T h e  results from this 
thesis for these countries w h e n  c o m p a r e d  with the previous studies s h o w  that just under 
one-third (4 out of 13) s h o w  consistent causality results. These countries are H o n g  K o n g , 
In d ia , M a la y s ia  an d  P a k is t a n . T h e  remaining 9 s h o w  inconsistent results. T h e  comparison 
of the results b y  direction of causality is explained below.
hi Table 4.17, the results of causality between electricity and G D P  for the countries in this 
group are rather varied. O n e  third of the results are consistent with those of previous 
studies while the rest are inconsistent. This is explained in the following ways.
T h e  consistent results are for the cases of H o n g  K o n g , In d ia , M a la y s ia  an d P a k is t a n . This 
study found uni-directional causality running from electricity to G D P  in H o n g  K o n g  and 
P a k is t a n . In the case of H o n g  K o n g , the result is consistent with the findings of M u r r y  and 
N a n  (1996). In the case of P a k is t a n , the results also support M u r r y  an d  N a n  (1996), an d 
Aqueel &  Butt (2001), w h o  used the s a m e  technique, Hsiao’® Granger for the longer period 
1955-1996. T h e  evidence of uni-directional causality from G D P  to electricity w a s  detected 
in In d ia . This result is consistent with the finding of G h o s h  (2002), w h o  used cointegration 
in a bivariate m o d e l  for the period 1950-1997, but is inconsistent with the result of M u r r y  
and N a n  (1996), w h o  found no causality between electricity and G D P .  T h e  evidence of bi­
directional causality w a s  found in M a la y s ia . T h e  result is highly consistent with the 
findings of M u r r y  an d N a n  (1996) an d  Y o o  (2006), w h o  used the s a m e  technique as this 
study; ‘Hsiao’s Granger’ in bivariate m o d e l  for the similar period 1971-2002.
8 Bangladesh, China, and Shanghai, Hong Kong, India, Indonesia, Korea, Malaysia, Pakistan, Philippines, 
Singapore, Sri Lanka, Taiwan and Thailand.
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T h e  inconsistent results are found in In d o n e s ia , K o r e a , S r i L a n lc a , T a iw a n , B a n g la d e s h , 
C h in a , th e P h ilip p in e s , S in g a p o r e  an d T h a ila n d . For the first four ( In d o n e s ia , K o r e a , S r i  
L a n k a  and T a iw a n ), causality w a s  not detected in any direction. For example, in the case of 
In d o n e s ia , the result is inconsistent with the findings of M u r r y  &  N a n  (1996) an d Y o o  
(2006), w h o  found bi-directional causality from G D P  to electricity. In the case of K o r e a , 
the result is contrary to the results of M u r r y  &  N a n  (1996), an d Y o o  (2005), w h o  used 
co integration in his bivariate model. In the case of S r i L a n k a , the result is inconsistent with 
the finding of M o r i m o t o  &  H o p e  (2004), w h o  used the Granger technique in a bivariate 
m o d e l  for the period 1960-1998 and found uni-directional causality from electricity to 
G D P .  For the case of T a iw a n , the result contradicted to the findings of Y a n g  (2000), w h o  
used the Hsiao’Granger technique in his bivariate mo d e l  for the period 1954-1997 and 
found a bi-directional causality relationship, and Lee &  C h a n g  (2005), w h o  used 
cointegration in a bivariate m o de l for the period 1954-2003 an d found uni-directional 
causality from electricity to G D P .
For the rest (B a n g la d e s h , C h in a , th e  P h ilip p in e s , S in g a p o r e  and T h a ila n d ), causality w a s  
found but the results are in consistent with those fiom the previous studies. For instance, 
bi-directional causality w a s  found in B a n g la d e s h . T h e  result is inconsistent with the 
finding of M o z u m d e r  &  Ma rt he (2007), w h o  used a cointegration m e t h o d  for the period 
1971-1999 in a bivariate m o d e l  an d found only uni-directional causality running fr om G D P  
to electricity, hi the case of C h in a , bi-directional causality between electricity and G D P  
w a s  found in this study while only uni-directional causality from electricity to G D P  is 
found in tw o previous studies, Shiu & L a m  (2004), w h o  used a Cointegration m e t h o d  in a 
bivariate fram ew or k for the period 1971-2000 and Wolde-Rufael (2004), w h o  used T o d a  &  
Y a m a m o t o ’s Granger technique in their bivariate m o de l for the period 1952-1999. Bi­
directional causality w a s  also found in the Philippines. T h e  result is contrary to the findings 
of M u r r y  &  N a n  (1996), w h o  found no causality in any direction. Furthermore, uni­
directional causality from G D P  to electricity w a s  found in S in g a p o r e  an d  T h a ila n d . In the 
case of S in g a p o r e , the result is not consistent with the findings of M u r r y  &  N a n  (1996), 
w h o  found causality in the opposite direction, uni-directional causality from Electricity to 
G D P ,  and Y o o  (2006), w h o  found bi-directional causality relationship. In the case of 
T h a ila n d , the result is not consistent with the results of Asafu &  Adjaye (2000) w h o  used a 
cointegration m e t h o d  for the period 1971-1995 and found a bi-directional causality
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relationship, an d  M a s i h  &  M a s i h  (1998), w h o  also used the s a m e  technique for the 
extended period 1955-1991 an d found uni-directional causality running from electricity to 
G D P .
4.5.1.3 Latin American
O n l y  three countries, C o lo m b ia , E l  S a lv a d o r and M e x ic o  have been investigated for 
causality between electricity an d  G D P  in the literature. T h e  results from this thesis for 
these countries are inconsistent with the findings from the previous studies. T h e  details of 
the comparison b y  causality direction is explained below.
T h e  results from the countries in this group are rather contrary with the findings from the 
previous studies. For example, evidence of uni-directional causality from G D P  to 
electricity w a s  found in C o lo m b ia  an d  M e x ic o . This is contrary to the findings of M u r r y  &  
N a n  (1996), w h o  found opposite directional causality running fr om electricity to G D P .  
Moreover, the bi-directional causality found in E l  S a lv a d o r is inconsistent with the result 
of M u r r y  &  N a n  (1996), w h o  found uni-directional causality from G D P  to electricity.
4.5.1.4 Africa
There are 16 countries9 that have been studied for the causality between electricity and 
G D P  in the literature. Slightly m o r e  than half of the countries in this group (9 of 16) yield 
consistent results in this thesis. These countries are K e n y a , S u d a n , B e n in , T u n is ia , N ig e r ia ,  
Z a m b ia , E g y p t , G a b o n  an d M o r o c c o . T h e  explanation of the comparison results by  
causality direction is s h o w n  below.
There are only t w o  studies in the literature, M u r r y  &  N a n  (1996) and Wolde-Rufael (2006), 
investigating causality between electricity consumption and G D P  in s o m e  countries in 
Africa. It can be seen from Table 4,17 that about half of n u m b e r  of the countries in this 
group yield consistent results with those obtained from the previous studies. For example, 
the evidence of n o  causality found in K e n y a  and S u d a n , uni-directional causality from 
electricity to G D P  found in B e n in  and T u n is ia , and bi-directional causality relation found 
in N ig e r ia , Z a m b ia , E g y p t, G a b o n  an d M o r o c c o , are all highly consistent with the findings
9 Algeria, Congo Republic, Kenya, Sudan, Benin, Congo, Tunisia, Cameroon, Ghana, Nigeria, Senegal, 
Zambia, Zimbabwe, Egypt Gabon and Morocco.
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of Wolde-Rufael (2006) w h o  used the n e w  technique, T o d a  &  Y a m a m o t o ’s Granger’, in 
his bivariate m o d e l  for a similar period 1971-2001. However, the results in the case of 
K e n y a  and Z a m b ia  are inconsistent with the result from the earlier w o r k  of M u r r y  &  N a n  
(1996) w h o  found uni-directional causality from G D P  to electricity in K e n y a  and found no 
causality in Z a m b ia .
T h e  rest of the countries (C o n g o , Z im b a b w e , C o n g o  R P , C a m e ro o n , G h a n a  and S e n e g a l)  
yield inconsistent results to the findings of the only previous study; Wolde-Rufael (2006). 
For instance, the evidence of n o  causality found in C o n g o  an d Z im b a b w e  is contraiy to his 
findings w h e r e  uni-directional causality fr o m  electricity to G D P  w a s  found in C o n g o  and 
bi-directional causality w a s  found in Z im b a b w e . T h e  evidence of bi-directional causality 
fr om electricity to G D P  detected in C o n g o  R P  and C a m e ro o n  is inconsistent with his the 
finding wh er e causality w a s  not found in C o n g o  R P  while bi-directional causality w a s  
found in C a m e r o o n . Furthermore, the evidence of uni-causality from G D P  to electricity 
found in G h a n a  an d S e n e g a l is inconsistent with his result where bi-directional causality 
w a s  detected in both countries. Lastly the evidence of bi-directional causality between 
electricity and G D P  found in A lg e r ia  contradicted his findings w h er e causality w a s  not 
detected in an y direction.
4.5.2 Petroleum consumption and G D P
According to the literature review in Chapter 2, only five countries; C h in a , K o r e a , 
P a k is t a n , T a iw a n  an d T h a ila n d , have had causal relationship between petroleum 
consumption and G D P  studied. In this section, the author attempts to c o mp ar e results fi om 
this thesis with those obtained from these previous studies (see Table 4.17). It can be seen 
that the results are generally inconsistent with the previous studies except the case of 
P a k is t a n , w h ic h is discussed below.
In the case of C h in a , only uni-directional causality from petroleum to G D P  w a s  found in 
this study while bi-directional causality relation w a s  found in the previous study of Z o u  
& C h a u  (2006) w h o  used cointegration in a bivariate m o d e l  for the long period 1953-2002.
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For the case of K o r e a , causality w a s  not found in this study. This yielded the opposite 
result to the previous study, Z o u  &  C h a u  (2006), w h o  used the cointegration m e t h o d  for the 
longer period 1961-1990 an d found bi-directional causality.
For the case of P a k is t a n , uni-directional causality fr om G D P  to petroleum consumption is 
found; consistent with the previous study b y  Aqueel &  Butt (2001), w h o  used the s a m e  
Hsiao’s Granger technique for a bivariate m o d e l  over the period 1955-1996.
For the case of T a iw a n , bi-directional causality w a s  detected in this study. This result is not 
consistent with those fr om the t w o  previous studies; Y a n g  (2000), w h o  used a similar 
technique as this study (Hsiao’s Granger) for the long period 1954-1997 and found only 
uni-directional causality from G D P  to petroleum, and Le e &  C h a n g  (2005), w h o  applied a 
cointegration m e t h o d  for the period 1954-2003 and found uni-directional causality from 
petroleum to G D P .
W i t h  T h a ila n d , only uni-directional causality running from G D P  to petroleum w a s  found in 
this study while bi-directional causality w a s  detected in the previous study of H o a  (1993), 
w h o  adopted a cointegration m e t h o d  using quarterly data between 1966:1-1991:1.
4.5.3 S u m m a r y
Broadly speaking, the causality results for the countries in D C s  are rather consistent with 
the previous studies. Nevertheless, the results for developing country groups are generally 
inconsistent with the previous studies. For example, for Asia, one-third of the results are 
consistent with the previous studies. For Africa, slightly less than half of the results are 
consistent with the previous studies. For the Latin A m e r i c a n  group, the results are rather 
contrary with the findings from the previous studies.
4.6 S u m m a r y  and Conclusion
This chapter has empirically investigated the causal relationship between disaggregate 
energy consumption, electricity/petroleum, and economic growth for 30 O E C D  and 78 
n o n - O E C D  countries. Granger causality tests were systematically performed using well 
established an d widely accepted techniques. T o  generate a clearer distinction between
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developed an d developing countries, the H D I  has been adopted to categorise the countries. 
T h e  s a m e  methodology, data source and time period as in Chapter 3 has been adopted for 
the analysis in this chapter.
T h e  results s h o w  that there is s o m e  evidence of electricity/petroleum-GDP an d  G D P -  
electricity/petroleum causality for the O E C D / d e v e l o p e d  group of countries and the non- 
O E C D / d e v e l o p i n g  group of countries. In the case of electricity, the proportion is smaller 
than for the no n - O E C D / d e v e l o p i n g  group ( 7 2 %  in the n o n - O E C D  group c o m p a r e d  to 8 7 %  
in the O E C D  group). T h e  results are confirmed w h e n  the countries are reclassified into 
H D I s  group ( 8 0 %  in high, 8 1 %  in mid, an d 5 3 %  in l o w  development groups). In the case 
of petroleum, the proportion is not very different between the tw o  groups of countries ( 8 7 %  
for O E C D  and 8 5 %  in n o n - O E C D ) .  However, w h e n  the countries are re-classified based o n  
HD I ,  the proportion is a little greater for the mid/low development group c o mp ar ed to the 
high group ( 8 8 %  in mid/low development groups and 8 2 %  in high development group).
T h e  results, particularly in the case of petroleum, therefore fail to refute the hypothesis set 
out in Chapter 1 about the relationship between energy and G D P  (that a greater proportion 
of causality should be found in no n- O E C D / d e v e l o p i n g  countries than in O E C D / d e v e l o p e d  
countries).
Howe ve r, there are s o m e  interesting differences. T h e  results indicate that causality from 
G D P  to electricity consumption is m o r e  prevalent in the O E C D / d e v e l o p e d  countries ( 6 7% ) 
than the n o n - OE CD /d ev el op ing countries (47%). This can be confirmed b y  the figures of 
6 0 %  an d 5 6 %  for the high an d m i d  development countries c o m p a r e d  to only 2 4 %  for the 
lo w  development group of countries. This suggests that it is only in the very poor nations 
that causality fr o m  G D P  to energy appears to be generally weak. O n e  possibly implication 
is that people in the very poor nations might lack accessibility to electricity.
However, this is not the case for petroleum w h i c h  sh o w s  that the degree of causality from 
G D P  to petroleum is little different between O E C D  an d n o n - O E C D  countries ( 5 7 %  and 
54%). Ho we ve r, w h e n  the countries are classified b y  HD I, it is clearer that causality from 
G D P  to petroleum is generally m o r e  prevalent in developing countries. This can be 
confirmed b y  the figures of 4 4 %  and 5 8 %  in high an d m i d  development groups comp ar ed
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to 7 1 %  in the lo w  development group. This m a y  imply that petroleum is a high potential 
product for consumers particular in the developing countries.
A s  for electricity to G D P  causality, the results s h o w  that w h e n  the countries are classified 
into t w o  groups; O E C D  an d n o n - O E C D ,  the proportion is little different ( 6 0 %  in O E C D  
and 5 1 %  in n o n - O E C D ) ,  Ho we ve r, w h e n  the countries are classified into H D I  development 
groups, the proportion w a s  found higher in m o r e  developing groups ( 5 1 %  in high, 6 3 %  in 
mid, an d  4 7 %  in lo w development groups). T h e  results suggest that the evidence of 
causality from electricity to G D P  is m o r e  prevalent in the m i d  developing countries. Hence, 
the results support the vi e w  that electricity is a limiting factor to economic growth, 
implying that that the effect of energy conservation policies to help c o m b a t  global w a n n i n g  
w o u l d  have a greatest detrimental effect o n  the overall growth of the m i d  development 
nations.
A s  for the petroleum to G D P  causality, the results are similar between the O E C D  ( 6 3% ) 
an d  n o n - O E C D  (62%). H o w e v e r  the results based o n  H D I  classification s h o w  a smaller 
proportion in the lo w  development group c o m p a r e d  with the higher development group. 
O n l y  4 1 %  w a s  found in the l o w  development group c o mp ar ed to 6 7 %  in mid.- and 6 4 %  in 
high development group). H e n c e  the results suggest that the degree of causality from 
petroleum to G D P  is generally le s s  in the developing world, particular in the very poor 
nations, than the developed world.10
Thus, the results support the vi e w  that petroleum to s o m e  extent equally affects the 
econoxo!" growth of both O E C D  an d n o n - O E C D  countries. This implies that the effect of 
energy conservation policies to help c o m b a t  global warning w o u l d  have a similar 
detrimental effect o n  the overall growth of both n o n - O E C D  countries an d that of the 
O E C D  countries. Nonetheless, s o m e  developing countries w o u l d  be affected given that the 
results still suggest that there w o u l d  be causality from petroleum to G D P  for 4 1 %  of the 
poorest nations and 6 7 %  of the m i d  in co me nations.
T h e  results fr om this w o r k  s h o w  that evidence of causality w a s  found in the higher 
proportions than the evidence in the case of aggregate energy in Chapter 3. T h e  evidence of
10 This is probably related to the problem of low developed countries not having access to advanced 
technologies which tend, on average, to require more energy. Hence the low technologies, used by the
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the high proportion of energy (particular for the case of electricity) to G D P  causality in 
developing countries c o m p a r e d  to that in the m o r e  developed group implies that an attempt 
to reduce energy consumption, particular electricity, in order to reduce emissions will have 
a greater impact o n  the G D P  of the developing rather than the developed world.
hi s u m m a r y ,  this chapter aims to investigate causality be tw ee n t w o  m a i n  disaggregate 
energy consumption (electricity an d  petroleum) an d G D P  using the s a m e  methodology as 
used in the previous chapter (causality between aggregate energy an d G D P ) .  Evidence of 
causality w a s  found m o r e  than in the case of aggregate energy. Furthermore it w a s  found 
that in general disaggregate energy to G D P  seems to be m o r e  prevalent in the m i d  
developing countries. Broadly speaking, this w o r k  supports initial expectations that 
causality is m o r e  prevalent in the n o n - OE CD /d ev el op ing world than in the 
O E C D / d e v e l o p e d  world.
Chapters 3 and 4  investigated causality in a time series context. T h e  following chapters will 
n o w  investigate causality using a different approach; causality in a panel data context. It 
will be interesting to see if the results will support or not the causality results from the 
previous chapters. T h e  next chapter (Chapter 5) will introduce an d demonstrate the n e w  
methodology and present the results for the case of aggregate energy and G D P  then the 
following chapter (Chapter 6) will present the case of disaggregate energy (electricity and 
petroleum) and G D P .
poorest countries restrict GDP and growth, hence the finding that energy in general does not ‘cause’ GDP.
155
T a b le  4 .1 : A D F  T e s ts  f o r  O E C D  C o u n t r i e s  (E le c t r ic i ty  a n d  G D P )
Countries Variables ADF Test ADF test Results
Level P-value* Lags** Difference P-value* Lags**
Australia Electricity -1.4305 0.8375 0 -3,2911 0.0216 0 1(1)
GDP -2.1986 0.4783 0 -6.0623 0 . 0 0 0 0 0 K 1 )
Austria Electricity -1.8139 0.6806 0 -3.9436 0.0039 0 1(1)
GDP -0.9492 0.9405 0 -5.0265 0.0002 0 1(1)
Belgium Electricity -1.5034 0.8130 0 -4.1573 0.0022 0 1(1)
GDP -1.7382 0,7167 0 -5.0849 0.0001 0 1(1)
Canada Electricity -0.3431 0.9867 0 -4.5187 0.0008 0 1(1)
GDP -2.7704 0.2157 0 -4.4265 0.0010 0 K D
Czech Republic Electricity -2.2713 0.4399 0 -6.5763 0 . 0 0 0 0 0 1(1)
GDP -2.8804 0.1787 0 -6.7800 0 . 0 0 0 0 0 1(1)
Denmark Electricity -2.9317 0.1642 0 -2.7701 0.0712 0 1(1)
GDP -3.3394 0.0736 0 -6.0754 0 . 0 0 0 0 0 1(1)
Finland Electricity -1.6993 0.7344 0 -4.7077 0.0004 0 K D
GDP -2.0831 0.5399 1 -3.6135 0.0096 0 1(1)
France Electricity -0.4993 0.9798 0 -4.3882 0.0011 0 1(1)
GDP -2.3822 0.3832 0 -3.1438 0.0308 0 K D
Germany Electricity -1.2903 0.8771 0 -2.3250 0.1693 1 1(2)
GDP -1.3639 0.8571 1 -4.3854 0.0011 0 1(1)
Greece Electricity -3.0980 0.1197 0 -3.2396 • 0.0259 7 1(1)
GDP -2.8417 0.1911 0 -4.5306 0.0007 0 1(1)
a
Hungary Electricity -1.9429 0.6122 1 -2.2560 0.1911 0 1(2)
GDP -2.1203 0.5180 1 -3.6975 0.0082 0 1(1)
Iceland Electricity -1.2393 0.8893 0 -2.5223 0.1179 0 1(2)
GDP -2.6394 0.2659 1 -4.2318 0.0018 0 1(1)
Ireland Electricity -3.2397 0.0907 1 -3.8667 0.0049 0 K 1 )
GDP -1.1230 0.9129 1 -3.7852 0.0061 0 1(1)
Italy Electricity -3.3991 0.0648 0 -4.2367 0.0017 0 1(1)
GDP -1.7964 0.6891 0 -4.8146 0.0003 0 1(1)
Japan Electricity -2.0225 0.5724 1 -3.5075 0.0126 0 K 1 )
GDP -1.9747 0.5978 1 -3.2534 0.0237 0 K D
b
Korea Electricity -2.4821 0.3341 0 -4.6554 0.0008 0 1(1)
GDP -1.3329 0.8611 0 -5.0668 0.0003 0 K 1 )
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Table 4.1 continued
Countries Variables ADF Test ADF test Results
Level P-value* Lags** Difference P-value* Lags**
Luxembourg Electricity -1.9112 0.6315 0 -6.6518 0.0000 0 K D
GDP -1.5235 0.8058 0 -5.1931 0.0001 0 K 1 )
b
Mexico Electricity -1.8150 0.6738 0 -3.9320 0.0051 0 1 (1 )
GDP -2.5537 0.3023 0 -4.3426 0.0018 0 K D
Netherlands Electricity -2.7876 0.2096 1 -1.2017 0.6647 1 1(2)
GDP -2.8671 0.1831 1 -4.2339 0.0017 0 1(1)
New Zealand Electricity -1.1638 0.9053 0 -3.7419 0.0068 0 1(1)
GDP -2.4670 0.3421 0 -5.7433 0.0000 0 1(1)
Norway Electricity -1.4275 0.8384 0 -4.6285 0.0006 0 1(1)
GDP -1.1516 0.9074 1 -3.4360 0.0152 1 1(1)
Poland Electricity -1.6855 0.7401 1 -2.8811 0.0561 0 1 (1 )
GDP -2.4236 0.3627 1 -3.5452 0.0114 0 1 (1 )
Portugal Electricity -1.9795 0.5940 4 -4.3306 0.0013 0 1 (1 )
GDP -2.0552 0.5549 1 -3.0198 0.0418 3 K D
b
Slovakia Electricity -1.6621 0.7446 0 -4.4410 0.0014 0 K D
GDP -2.8336 0.1967 1 -3.3799 0.0199 1 K 1 )
Spain Electricity -3.6443 0.0376 0 -2.7375 0.0763 0 1(1)
GDP -2.5151 0.3197 1 -3.4774 0.0136 0 1(1)
Sweden Electricity -0.6595 0.9698 0 -4.1476 0.0022 0 1 (1 )
GDP -2.8653 0.1836 1 -3.9279 0.0041 0 1 (1 )
Switzerland Electricity -0.0103 0.9948 0 -4.6044 0.0006 0 1 (1 )
GDP -2.1532 0.5022 1 -4.5405 0.0007 0 K D
Turkey Electricity -1.1863 0.9008 0 -4.3796 0.0011 0 K D
GDP -2.5921 0.2857 0 -7.5710 0.0000 0 K D
UK Electricity -3.8715 0.0220 0 -3.9771 0.0036 0 K D
GDP -3.8057 0.0260 1 -5.4119 0.0001 1 K D
USA Electricity -1.5235 0.8058 0 -3.7929 0.0059 0 1 (1 )
GDP -4.2758 0.0081 1 -5.0690 0.0002 1 K D
Notes:
Data for most countries covers the period 1960-2003 other than:
a where data covers the period 1965-2003; and
b
where data covers the period 1971-2003. 
*MacKinnon (1996) one-sided p-values.
** Based on SIC.
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Table 4.4 : Summary of the integration, cointegration and causality results for OECD countries 
(Electricity and GDP)
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Elec & GDP Between Elec & GDP Elcc —>Y
(i)
Y —>Etec
(ii)
Elec<—>Y
(iii)
Etec—Y 
(iv)
EIcc<=>Y
(i+ii+iii)
Elec=>Y
(i+iii)
Y =>Elcc 
(ii+iii)
Australia Af Af V Af V
Austria Af j V Af
Belgium Af Af V Af Af V
Canada Af V Af V a/ Af
Czech Republic V V
Denmark Af Af V Af Af Af
Finland V a/ a/ j
France j a/
Germany (V)* V Af Af
Greece V V V j A/ Af
Hungary * <v>* V V j V
Iceland (Af)* V Af Af Af
Ireland V Af V Af V
Italy V V Af Af Af
Japan Af Af V V V V
Koreab V Af
Luxembourg V V Af V Af Af
Mexico 6 a/ Af V Af
Netherlands (atr Af Af Af Af V
New Zealand a/ Af Af V V Af
Norway a/ Af V >/ Af
Poland Af V
Portugal A/ V Af V
Slovakia b v . V Af V
Spain Af Af V V Af
Sweden V V Af V
Switzerland V Af A1 V
Turkey V Af a/ V
United Kingdom Af V A/ Af Af
United States Af Af V Af Af
Total 26 13 6 8 12 4 26 18 20
% 87% 43% 20% 27% 40% 13% 87% 60% 67%
Dala for most countries covers the period 1960-2003 other than:
where data covers the period 1965-2003; and
b where dala covers the period 1971-2003.
* Either e or y were found to be i(2) with the other being 1(1) or 1(2) therefore cointegration was still tested.
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Table 4.5 : ADF Tests for Non-OECD Countries (Electricity and GDP)
Countries Variables ADF Test 1 ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Albania Electricity -1.9046 0.6288 0 -5.5899 0.0001 0 1(1)
GDP -1.7529 0.7028 1 -3.8847 0.0058 0 1(1)
Algeria Electricity -1.6141 0.7648 0 -3.9054 0.0055 0 KD
GDP -2.1320 0.5043 7 -7.4977 0.0000 0 1(1)
Angola Electricity -1.4191 0.8357 0 -5.1496 0.0002 0 1(1)
GDP -1.7664 0.6964 1 -10.2082 0.0000 0 1(1)
Argentina Electricity -1.9699 0.5950 0 -5.5139 0.0001 1 KD
GDP -2.1397 0.5053 0 -5.2910 0.0001 0 1(1)
Bahrain Electricity -1.8940 0.6342 0 -5.0604 0.0003 0 KD ;
GDP -2.4945 0.3285 6 -5.5045 0.0001 0 1(1)
Bangladesh Electricity -3.6532 0.0438 5 -7.2651 0.0000 1 1(1)
GDP -0.4020 0.9819 6 -0.1681 0.9307 6 1(2)
Benin Electricity -5.1411 0.0012 0 -4.5115 0.0013 3 KO)
GDP -1.2904 0.8723 0 -4.6248 0.0008 0 1(1)
Bolivia Electricity -3.8233 0.0296 3 -2.5984 0.1041 0 I (2)
GDP -1.0725 0.9177 0 -6.8038 0.0000 0 1(1)
Brazil Electricity -2.0431 0.5564 0 -3.1028 0.0367 0 1(1)
GDP -2.9594 0.1596 2 -3.8560 0.0062 0 1(1)
Brunei Electricity -2.6158 0.2763 1 -3.3897 0.0191 0 1(1)
GDP . -3.2343 0.0977 3 -2.7999 0.0711 3 1(1)
Bulgaria Electricity -2.2501 0.4475 0 -3.5027 0.0147 0 1(1)
GDP -2.2156 0.4649 1 -3.0362 0.0425 0 1(1)
Cameroon Electricity -1.6829 0.7355 0 -4.4591 0.0013 0 1(1)
GDP -2.7603 0.2223 4 -4.8583 0.0005 0 1(1)
Chile Electricity -1.5669 0.7837 0 -5.1043 0.0002 0 KD !
GDP -3.5533 0.0510 1 -3.4078 0.0186 1 KD
China Electricity -1.5427 0.7922 1 -4.7764 0.0006 0 1(1)
GDP -2.8623 0.1876 1 -2.6932 0.0869 1 1(1)
Colombia Electricity -0.7290 0.9620 0 -5.2639 0.0002 0 1(1)
GDP -1.5515 0.7896 0 -4.6769 0.0007 0 1(1)
Congo Electricity -1.2465 0.8825 1 -11.2100 0.0000 0 KD
GDP -2.1262 0.5124 0 -4.7720 0.0006 0 1(1)
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Table 4.5 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Congo Rep. Electricity -2.2439 0.4507 0 -6.1218 0.0000 0 1(1)
GDP -2.1205 0.5148 1 -3.0243 0.0436 0 K 1)
Costa Rica Electricity -3.3890 0.0707 0 -6.9304 0.0000 0 1(1)
GDP -1.5059 0.8065 0 -4.3691 0.0017 0 1(1)
Cote d’Ivoire Electricity -2.5758 0.2929 0 -5.8707 0.0000 0 1(1)
GDP -2.2654 0.4397 0 -4.3419 0.0018 0 1(1)
Cuba Electricity -2.3433 0.4000 1 -2.6345 0.0971 0 1(1)
GDP -1.9826 0.5876 1 -3.1142 0.0358 0 1(1)
Cyprus Electricity -2.5737 0.2938 0 -4.8980 0.0004 0 1(1)
GDP -3.1278 0.1172 0 -5.3372 0.0001 0 K D
Dominican Republic Electricity -2.7921 0.2102 0 -6.7018 0.0000 0 K D
GDP -1.9254 0.6181 0 -4.4691 0.0013 0 1(1)
Ecuador Electricity -2.2358 0.4544 1 -3.0151 0.0445 0 K D  |
GDP -3.3116 0.0825 0 -4.5560 0.0010 0 1(1)
Egypt Electricity -1.1656 0.9008 0 -5.1705 0.0002 0 K D
GDP -1.1722 0.8994 0 -3.7222 0.0086 0 1(1)
El Salvador Electricity -2.7371 0.2297 1 -2.9940 0.0465 0 1(1)
GDP -2.5030 0.3246 1 -2.9828 0.0480 1 1(1)
Ethiopia Electricity -2.0529 0.5512 0 -3.9387 0.0050 0 1(1)
GDP -1.9730 0.5933 0 -5.4298 0.0001 1 1(1)
Gabon Electricity -1.3095 0.8637 0 -11.3138 0.0000 0 1(1)
GDP -2.9344 0.1657 0 -4.1166 0.0032 0 1(1)
Ghana Electricity -3.9386 0.0222 1 -5.6590 0.0001 1 K D
GDP -1.7074 0.7189 6 -3.9547 0.0048 0 1(1)
Gibraltar Electricity -2.5475 0.3050 0 -6.0129 0.0000 0 1(1)
GDP -5.8450 0.0003 6 -2.4157 0.1470 4 1(0)
Guatemala Electricity . -1.7092 0.7238 0 -3.8729 0.0059 0 1(1)
GDP -2.3910 0.3767 1 -2.7564 0.0763 0 1(1)
Haiti Electricity -2.0647 0.5449 0 -5.3692 0.0001 0 1(1)
GDP -1.8238 0.6695 0 -4.4559 0.0013 0 1(1)
Honduras Electricity -2.6050 0.2807 0 -7.3652 0.0000 0 1(1)
GDP -4.2575 0.0113 3 -4.1216 0.0032 0 1(1)
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Table 4.5 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Hong Kong Electricity -0.1557 0.9914 0 -4.6694 0.0008 0 1(1)
GDP -0.7061 0.9640 0 -4.8940 0.0004 0 KD
India Electricity -1.2600 0.8779 3 -4.0869 0.0035 0 1(1)
GDP -2.6020 0.2819 0 -6.0759 0.0000 0 1(1)
Indonesia Electricity 1.1553 0.9999 0 -2.5780 0.1082 0 K2)
GDP -0.7252 0.9623 0 -4.3810 0.0016 0 KD
Iran Electricity -5.8572 0.0002 1 -4.9936 0.0004 4 1(0)
GDP -0.8192 0.9516 4 -3.2285 0.0277 0 1(1)
Iraq Electricity -0.4345 0.9816 0 -3.6527 0.0102 0 1(1)
GDP -1.9522 0.6042 0 -4.3761 0.0016 0 1(1)
Israel Electricity -2.5905 0.2867 0 -5.1503 0.0002 2 1(1)
GDP -2.4458 0.3508 0 -6.1851 0.0000 0 1(1)
Jamaica Electricity -1.2394 0.8847 0 -5.0566 0.0003 0 KD
GDP -1.6863 0.7340 0 -6.4762 0.0000 0 KD
Jordan Electricity -2.3106 0.4145 5 -5.8501 0.0000 3 1(1)
GDP -2.4895 0.3304 3 -3.4632 0.0167 2 1(1)
Kenya Electricity -2.0492 0.5532 0 -5.0082 0.0003 0 1(1)
GDP -1.0364 0.9238 1 -5.8595 0.0000 1 1(1)
Kuwait Electricity -3.2222 0.0987 1 -4.8463 0.0005 0 KD
GDP -1.5614 0.7858 0 -6.0098 0.0000 0 K1)
Lebanon Electricity -2.7922 0.2105 1 -4.5075 0.0012 0 J(D
GDP -3.3727 0.0736 1 -2.4146 0.1477 5 K2)
Libya Electricity -6.1116 0.0001 1 -4.0196 0.0041 0 1(0)
GDP -1.0820 0.9166 0 -4.7859 0.0006 0 1(1)
Malaysia Electricity -3.5158 0.0563 3 -3.7349 0.0084 0 1(1)
GDP -1.9060 0.6281 0 -4.8857 0.0004 0 1(1)
Malta Electricity -1.9635 0.5983 0 -6.6055 0.0000 0 1(1)
GDP -3.0099 0.1462 2 -1.3546 0.5907 1 K2)
Morocco Electricity -1.3903 0.8439 1 -7.0116 0.0000 0 1(1)
GDP -1.9226 0.6188 1 -9.2138 0.0000 0 KD
Mozambique Electricity -0.4318 0.9818 0 -5.2617 0.0002 0 1(1)
GDP -0.8506 0.9496 0 -3.3324 0.0219 0 : kd
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Table 4.5 continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Myanmar Electricity -2.8172 0.2018 0 -7.4971 0.0000 0 1(1)
GDP -1.7102 0.7225 1 -2.9794 0.0480 0 1(1)
Nepal Electricity -2.3056 0.4191 0 -10.3998 0.0000 0 1(1)
GDP -2.6559 0.2602 0 -6.4036 0.0000 1 1(1)
Nicaragua Electricity -3.0017 0.1473 0 -6.3256 0.0000 0 1(1)
GDP -2.1020 0.5252 0 -5.7670 0.0000 0 1(1)
Nigeria Electricity -2.7474 0.2258 0 -5.4163 0.0001 1 1(1)
GDP -1.3218 0.8641 0 -5.4605 0.0001 0 1(1)
Oman Electricity -9.3672 0.0000 0 -3.4209 0.0187 3 1(0)
GDP -2.8370 0.1957 1 -4.6688 0.0008 0 1(1)
Pakistan Electricity -0.4564 0.9806 0 -4.8197 0.0005 0 1(1)
GDP -1.4782 0.8162 0 -5.3248 0.0001 0 1(1)
Panama Electricity -2.5060 0.3233 0 -6.1187 0.0000 0 1(1)
GDP -2.6800 0.2510 1 -4.1654 0.0028 0 1(1)
Paraguay Electricity -0.5087 0.9776 1 -2.3786 0.1557 0 1(2)
GDP -3.3142 0.0870 7 -2.9160 0.0549 0 K D
Peru Electricity -2.2386 0.4534 0 -7.1734 0.0000 0 1(1)
GDP -1.8893 0.6367 0 -4.6723 0.0007 0 K D
Philippines Electricity -2.4013 0.3719 0 -5.4828 0.0001 0 K D
GDP -3.1098 0.1217 1 -3.8831 0.0059 1 1(1)
Qatar Electricity -5.0626 0.0022 7 -3.2801 0.0247 0 1(0)
GDP -0.0913 0.9928 0 -4.7464 0.0006 0 1(1)
Romania Electricity -2.2007 0.4726 1 -3.1421 0.0337 0 1(1)
GDP -2.8125 0.2036 1 -2.0916 0.2492 0 K2)
Saudi Arabia Electricity -1.3848 0.8424 5 -1.9331 0.3133 2 1(2)
GDP -2.4213 0.3622 1 -3.1241 0.0350 0 K D
Senegal Electricity -0.2811 0.9877 1 -4.9530 0.0004 0 1(1)
GDP -1.8183 0.6722 0 -5.8194 0.0000 0 1(1)
Singapore Electricity -2.2385 0.4535 0 -5.4796 0.0001 0 1(1)
GDP -1.6819 0.7359 0 -5.1716 0.0002 1 1(1)
Sri Lanka Electricity -2.8081 0.2048 0 ■ -5.6793 0.0000 0 K 1)
GDP -3.2505 0.0929 0 -7.1372 0.0000 0 1(1)
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Table 4.5 continued
Countries Variables ADF Test ADF Test Results
Level P-vaiue* Lags** Difference P-value* Lags**
Sudan Electricity -2.3848 0.3799 0 -5.2444 0.0002 0 1(1)
GDP -1.7088 0.7239 0 -4.1450 0.0030 0 1(1)
Taiwan Electricity -2.2791 0.4322 1 -4.2246 0.0024 0 1(1)
GDP -0.2945 0.9873 0 -4.3523 0.0017 0 K D
Tanzania Electricity -1.5243 0.7998 0 -4.8664 0.0004 0 1(1)
GDP -1.3939 0.8428 1 -2.5038 0.1243 0 1(2)
Thailand Electricity -5.5615 0.0007 7 -3.1033 0.0367 0 1(0)
GDP -2.1158 0.5173 1 -3.2069 0.0291 0 1(1)
Togo Electricity -3.3397 0.0780 0 -5.6133 0.0001 0 1(1)
GDP -2.7391 0.2288 0 -6.0886 0.0000 0 1(1)
Trinidad & Tobago Electricity -2.0300 0.5634 0 -3.9687 0.0047 0 1(1)
GDP -1.2261 0.8872 1 -2.7601 0.0758 0 K D  ;
Tunisia Electricity -2.0995 0.5265 0 -5.0060 0.0003 0 1(1)
GDP -3.4079 0.0681 0 -8.9405 0.0000 0 1(1)
United Arab Electricity -6.3937 0.0000 0 -7.2686 0.0000 0 l(0)
Emirates GDP -3.1088 0.1214 0 -6.7492 0.0000 1 1(1)
Uruguay Electricity -1.4087 0.8390 0 -3.9774 0.0046 0 1(1)
GDP -2.9281 0.1679 1 -3.9535 0.0048 0 1(1)
Venezuela Electricity -0.8310 0.9518 0 -3.4235 0.0177 0 1(1)
GDP -1.2227 0.8885 0 -3.8456 0.0064 0 1(1)
Vietnam Electricity -0.9812 0.9327 0 -3.8233 0.0067 0 1(1)
GDP -2.6226 0.2738 4 -4.9097 0.0004 0 1(1)
Yemen Electricity -2.3174 0.4121 3 -3.2113 0.0292 1 1(1)
GDP -2.0677 0.5434 0 -4.8360 0.0005 0 K 1)
Zambia Electricity -3.4110 0.0676 0 -5.0281 0.0003 0 1(1)
GDP -2.1940 0.4767 0 -7.1699 0.0000 0 1(1)
Zimbabwe Electricity -3.0904 0.1261 1 -6.1335 0.0000 0 1(1)
GDP -1.5981 0.7713 0 -4.2960 0.0020 0 1(1)
Note:
Data for all countries covers the period 1971-2003. 
*MacKinnon (1996) one-sided p-vaiues.
** Based on SIC.
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Table 4.8 : Summary of the integration, cointegration and causality results for non-OECD countries 
(Electricity and GDP)
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Elec & GDP Between Elec & GDP Elec —>Y 
(0
Y —>Elec
(ii)
Elec<—>Y 
(iii)
Elec—Y 
(iv)
E!cc<=>Y
(i+ii+iii)
Elec=>Y
(i+iii)
Y —>Elcc 
(ii+iii)
Albania V vf vf vf
Algeria vf V V vf V
Angola vf vf
Argentina V vf
Bahrain vf V vf vf vf
Bangladesh p/r vf vf vf vf
Benin V vf vf
Bolivia (vj* vf vf vf
Brazil vf vf
Brunei V vf V V
Bulgaria vf vf
Cameroon vf vf vf vf
Chile vf vf V
China V V vf vf vf
Colombia V vf v' vf
Congo v? vf
Congo Republic vf V V vf v/
Costa Rica vf vf V V
Cote d'Ivoire vf V
Cuba V vf vf V
Cyprus vf vf
Dominican Rep. V vf V V vf V
Ecuador vf vf
Egypt vf vf vf vf vf
El Salvador vf V vf vf vf
Ethiopia vf vf
Gabon vf vf V vf vf
Ghana vf vf vf vf V
Gibraltar vf vf J
Guatemala vf J V vf
Haiti vf vf V vf V
Honduras vf vf vf v/
Hong Kong vf vf vf J
India vf vf vf vf
Indonesia . . . . +* V
Iran vf vf vf V
Iraq vf vf vf V
Israel vf vf
Jamaica vf vf vf vf vf
Jordan V vf vf V* vf
Kenya vf V
Kuwait v vf V vf
Lebanon (/>* vf V vf
Libya vf vf vf V
Malaysia vf vf J V vf
Malta Nr vf vf V1 vf
180
Table 4.8 : Continued.
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Eiec & GDP Between Elec & GDP Elec—>Y 
(0
Y — >Elec
(ii)
Elec<—>Y 
(iii)
Elec—Y 
(iv)
Elec<=>Y
(i+ii+iii)
Elec=>Y
(i+iii)
Y =>Elec 
(ii+iii)
Morocco vf vf s' vf vf
Mozambique vf J s' vf
Myanmar vf V s' vf
Nepal vf vf J vf vf
Nicaragua vf vf vf vf
Nigeria vf V s' vf vf
Oman V s' vf
Pakistan vf vf vf vf
Panama s' vf vf vf
Paraguay Nr vf vf vf ' V
Peru vf s'
Philippines vf V s' V
Qatar vf vf V
Romania ...1..1 8 ........ vf vf vf
Saudi Arabia Nr V V vf vf
Senegal vf vf vf vf
Singapore vf vf v' vf
Sri Lanka vf s'
Sudan vf s'
Taiwan vf vf
Tanzania Nr vf vf vf
Thailand vf s' vf
Togo s' s'
Trinidad & Tobago s' J s' vf
Tunisia vf vf vf vf
United Arab Em. s'
Uruguay vf V vf V
Venezuela vf s'
Vietnam vf V vf vf vf
Yemen vf s'
Zambia vf V V vf vf
Zimbabwe vf s'
Total 61 7 19 16 21 22 56 40 37
% 78% 9% 24% 21% 27% 28% 72% 51% 47%
Data for all countries covers the period 1971-2003.
* Either elec or y were found to be l(2) with the other being 1(1) or l(2) therefore cointegration was still tested.
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Table 4.9: ADF Tests for O ECD Countries (Petroleum  and GDP)
Countries Variables ADF Test ADF test Results
Level P-value* Lags** Difference P-value* Lags**
Australia Petroleum -2.9934 0.1458 0 -5.1072 0.0001 0 1(1)
GDP -2.1986 0.4783 0 -6.0623 0.0000 0 1(1)
Austria ’ Petroleum -3.8281 0.0244 0 -3.7877 0.0060 0 1(1)
GDP -0.9492 0.9405 0 -5.0265 0.0002 0 1(1)
Belgium Petroleum -3.1815 0.1017 0 -4.5050 0.0008 0 1(1)
GDP -1.7382 0.7167 0 -5.0849 0.0001 0 1(1)
Canada Petroleum -2.7207 0.2340 1 -3.4575 0.0143 0 1(1)
GDP -2.7704 0.2157 0 -4.4265 0.0010 0 1(1)
Czech Republic Petroleum 1.1427 0.9999 0 -1.3142 0.6137 2 1(2)
GDP -2.8804 0.1787 0 -6.7800 0.0000 0 1(1)
Denmark Petroleum -3.5057 0.0517 1 -3.3970 0.0167 0 1(1)
GDP -3.3394 0.0736 0 -6.0754 0.0000 0 1(1)
Finland Petroleum -5.0205 0.0010 0 1(0)
GDP -2.0831 0.5399 1 -3.6135 0.0096 0 1(1)
France Petroleum -3.3667 0.0698 1 -2.6139 0.0982 0 1(1)
GDP -2.3822 0.3832 0 -3.1438 0.0308 0 1(1)
Germany Petroleum -3.6893 0.0342 1 -3.2734 0.0226 0 1(1)
GDP -1.3639 0.8571 1 -4.3854 0.0011 0 1(1)
Greece Petroleum -2.4816 0.3352 0 -4.6796 0.0005 0 1(1)
GDP -2.8417 0.1911 0 -4.5306 0.0007 0 1(1)
Hungary a Petroleum -3.0176 0.1409 0 -1.7915 0.3786 1 1(2)
GDP -2.1203 0.5180 1 -3.6975 0.0082 0 1(1)
Iceland Petroleum -2.0381 0.5644 0 -6.2023 0.0000 0 1(1)
GDP -2.6394 0.2659 1 -4.2318 0.0018 0 1(1)
Ireland Petroleum -2.2315 0.4603 2 -4.4330 0.0010 0 1(1)
GDP -1.1230 0.9129 1 -3.7852 0.0061 0 1(1)
Italy Petroleum -2.8492 0.1893 3 -2.8901 0.0550 0 1(1)
GDP -1.7964 0.6891 0 -4.8146 0.0003 0 1(1)
Japan Petroleum -4.7980 0.0022 5 K0)
GDP -1.9747 0.5978 1 -3.2534 0.0237 0 1(1)
b
Korea Petroleum -2.1305 0.5089 2 -4.1091 0.0033 0 1(1)
GDP -1.3329 0.8611 0 -5.0668 0.0003 0 1(1)
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Table 4.9 continued
Countries Variables ADF Test ADF test Results
Level P-value* Lags** Difference P-value* Lags**
Luxembourg Petroleum -4.7746 0.0021 1 1(0)
GDP -1.5235 0.8058 0 -5.1931 0.0001 0 1(1)
b
Mexico Petroleum -2.1424 0.5038 0 -4.1661 0.0028 0 1(1)
GDP -2.5537 0.3023 0 -4.3426 0.0018 0 1(1)
Netherlands Petroleum -3.9074 0.0202 0 -5.1580 0.0001 0 1(1)
GDP -2.8671 0.1831 1 -4.2339 0.0017 0 1(1)
New Zealand Petroleum -2.7484 0.2238 2 -2.8518 0.0600 1 1(1)
GDP -2.4670 0.3421 0 -5.7433 0.0000 0 1(1)
Norway Petroleum -4.1347 0.0123 5 -1.5462 0.4992 6 I (2)
GDP -1.1516 0.9074 1 -3.4360 0.0152 1 1(1)
Poland Petroleum -2.4115 0.3686 1 -3.5477 0.0114 0 1(1)
GDP -2.4236 0.3627 1 -3.5452 0.0114 0 1(1)
Portugal Petroleum -1.7154 0.7263 2 -2.2115 0.2054 1 K2)
GDP -2.0552 0.5549 1 -3.0198 0.0418 3 1(1)
b
Slovakia Petroleum -2.7308 0.2318 0 -5.7210 0,0000 0 1(1)
GDP -2.8336 0.1967 1 -3.3799 0.0199 1 1(1)
Spain Petroleum -3.5368 0.0489 3 -4.3424 0.0013 0 KD
GDP -2.5151 0.3197 1 -3.4774 0.0136 0 1(1)
Sweden Petroleum -3.1472 0.1088 0 -4.4405 0.0010 0 1(1)
GDP -2.8653 0.1836 1 -3.9279 0.0041 0 K1)
Switzerland Petroleum -4.5625 0.0037 0 -4.6083 0.0006 0 1(1)
GDP -2.1532 0.5022 1 -4.5405 0.0007 0 1(1)
Turkey Petroleum -2.8962 0.1738 0 -4.3270 0.0013 0 1(1)
GDP -2.5921 0.2857 0 -7.5710 0.0000 0 1(1)
UK Petroleum -3.6434 0.0380 1 -3.3320 0.0196 0 KD
GDP -3.8057 0.0260 1 -5.4119 0.0001 1 KD
USA Petroleum -2.8994 0.1730 1 -3.7929 0.0059 0 1(1)
GDP -4.2758 0.0081 1 -5.0690 0.0002 1 1(1)
Notes:
Data for most countries covers the period 1960-2003 other than: 
a where data covers the period 1965-2003; and
b
where data covers the period 1971-2003.
*MacKinnon (1996) one-sided p-values.
** Based on SIC.
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Table 4.12 : Summary of the integration, cointegration and causality results for OECD countries 
(Petroleum and GDP)
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Petro & GDP Between Petro & GDP Petro —>Y
(i)
Y—>Petro 
(«)
Pctro<—>Y 
(iii)
Petro—Y
(iv)
Pctro<=>Y
(i+ii+iii)
Pctro=> Y 
(i+iii)
Y =>Pctro 
(ii+iii)
Australia n/ v' vf vf v' vf
Austria v! vf vf vf
Belgium vf v/ vf v'
Canada vf n/
Czccli Republic Nr v' vf vf
Denmark vf vf vf v'
Finland vf vf vf
France v vf vf v'
Germany vf vf vf vf vf vf
Greece vf vf vf vf
Hungary * Nr v' vf vf
Iceland vf v' vf vf
Ireland vf V vf v'
Italy < vf vf v' vf
Japan vf vf v' vf
Korea b vf V
Luxembourg J V v'
Mexico b V vf
Netherlands >/ vf vf vf v' V
New Zealand V vf vf v'
Norway Nr vf v' V V V
Poland vf v' vf V v'
Portugal Nr vf v/ v'
Slovakia b vf v' V vf vf
Spain vf v' V vf
Sweden 3 V
Switzerland vf v' V vf V vf
Turkey vf v' V vf vf V
United Kingdom vf V vf vf
United States V v' vf v' vf
Total 23 7 9 7 10 4 26 19 17
% 77% 23% 30% 23% 33% 13% 87% 63% 57%
Data for most countries covers the period 1960-2003 other than:
a where data covers the period 1965-2003; and
bwhere data covers the period 1971-2003.
* Either e or y were found to be 1(2) with the other being 1(1) or l(2) therefore cointegration was still tested.
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Table 4.13 : ADF Tests for Non-OECD Countries (Petroleum and GDP)
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Albania Petroleum -1.3719 0.8500 0 -5.2830 0.0001 0 KD
GDP -1.7529 0.7028 1 -3.8847 0.0058 0 K1)
Algeria Petroleum -2.0836 0.5343 1 -3.4266 0.0176 0 1(1)
GDP -2.1320 0.5043 7 -7.4977 0.0000 0 1(1)
Angola Petroleum -3.2366 0.0955 0 -6.7968 0.0000 0 1(1)
GDP -1.7664 0.6964 1 -10.2082 0.0000 0 1(1)
Argentina Petroleum -2.1299 0.5099 1 -4.1260 0.0031 0 KD
GDP -2.1397 0.5053 0 -5.2910 0.0001 0 1(1)
Bahrain Petroleum -3.1112 0.1209 0 -3.5681 0.0125 0 1(1)
GDP -2.4945 0.3285 6 -5.5045 0.0001 0 1(1)
Bangladesh Petroleum -2.1965 0.4754 0 -5.0904 0.0002 0 1(1)
GDP -0.4020 0.9819 6 -0.1681 0.9307 6 1(2)
Benin Petroleum -1.0234 0.9263 0 -4.9047 0.0004 0 K1)
GDP -1.2904 0.8723 0 -4.6248 0.0008 0 1(1)
Bolivia Petroleum -3.6059 0.0462 2 -3.7114 0.0089 0 1(1)
GDP -1.0725 0.9177 0 -6.8038 0:0000 0 1(1)
Brazil Petroleum -3.2698 0.0913 3 -2.4113 0.1478 3 l(2)
■ GDP -2.9594 0.1596 2 -3.8560 0.0062 0 K1)
Brunei Petroleum -1.3264 0.8628 0 -5.9564 0.0000 0 1(1)
GDP -3.2343 0.0977 3 -2.7999 0.0711 3 KD
Bulgaria Petroleum -3.1623 0.1105 1 -5.0301 0.0003 1 KD
‘
GDP -2.2156 0.4649 1 -3.0362 0.0425 0 1(1)
Cameroon Petroleum -1.5472 0.7912 0 -6.5124 0.0000 0 1(1)
GDP -2.7603 0.2223 4 -4.8583 0.0005 0 1(1)
Chile Petroleum -2.2922 0.4247 3 -3.2586 0.0259 0 1(1)
GDP -3.5533 0.0510 1 -3.4078 0.0186 1 1(1)
China Petroleum -1.1064 0.9122 0 -4.5270 0.0011 0 1(1)
GDP -2.8623 0.1876 1 -2.6932 0.0869 1 1(1)
Colombia Petroleum -2.3873 0.3782 2 ' -3.6544 0.0102 . 0 K1)
GDP -1.5515 0.7896 0 -4.6769 0.0007 0 1(1)
Congo Petroleum -2.0352 0.5606 0 -6.0487 0.0000 0 1(1)
GDP -2.1262 0.5124 0 j -4.7720 0.0006 0 1(1)
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Table 4.13 : continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Congo Rep. Petroleum -2.0182 0.5696 0 -6.2555 0.0000 0 K D
GDP -2.1205 0.5148 1 -3.0243 0.0436 0 1(1)
Costa Rica Petroleum -1.5660 0.7840 0 -4.7858 0.0006 0 K D
GDP -1.5059 0.8065 0 -4.3691 0.0017 0 1(1)
Cote d'Ivoire Petroleum -2.4976 0.3271 0 -6.4151 0.0000 0 K D
GDP -2.2654 0.4397 0 -4.3419 0.0018 0 1(1)
Cuba Petroleum -2.6905 0.2470 1 -2.9882 0.0471 0 1(1)
GDP -1.9826 0.5876 1 -3.1142 0.0358 0 K D
Cyprus Petroleum -2.8401 0.1943 0 -4.8036 0.0005 0 K D
GDP -3.1278 0.1172 0 -5.3372 0.0001 0 1(1)
Dominican Republic Petroleum -1.6031 0.7693 0 -4.8367 0.0005 0 1(1)
GDP -1.9254 0.6181 0 -4.4691 0.0013 0 1(1)
Ecuador Petroleum -1.9961 0.5812 0 -4.1988 0.0026 0 1(1).
GDP -3.3116 0.0825 0 -4.5560 0.0010 0 K D
Egypt Petroleum -1.6479 0.7507 3 -6.3008 0.0000 0 1(1)
GDP -1.1722 0.8994 0 -3.7222 0.0086 ' 0 1(1)
El Salvador Petroleum -1.3471 0.8571 0 ‘ -4.3218 0.0019 0 1(1)
GDP -2.5030 0.3246 1 -2.9828 0.0480 1 1(1)
Ethiopia Petroleum -2.7634 0.2201 0 -6.2122 0.0000 0 1(1)
GDP -1.9730 0.5933 0 -5.4298 0.0001 1 1(1)
Gabon Petroleum -2.2278 0.4591 0 -4.4192 0.0015 0 1(1)
GDP -2.9344 0.1657 0 -4.1166 0.0032 0 1(1)
Ghana Petroleum -1.5042 0.8071 0 -5.5140 0.0001 1 ' K D
GDP -1.7074 0.7189 6 -3.9547 0.0048 0 1(1)
Gibraltar Petroleum -2.4511 0.3484 0 -3.0538 0.0416 2 K D
GDP -5.8450 0.0003 6 1(0)
Guatemala Petroleum -1.1853 0.8967 0 -4.2344 0.0024 0 1(1)
GDP -2.3910 0.3767 1 -2.7564 0.0763 0 1(1)
Haiti Petroleum -3.7097 0.0362 0 -8.3943 0.0000 0 K D
GDP -1.8238 0.6695 0 -4.4559 0.0013 0 K D
Honduras Petroleum -3.2772 0.0882 0 -6.0890 0.0000 1 K D
GDP -4.2575 0.0113 3 -4.1216 0.0032 0 1(1)
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Table 4.13 : continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Hong Kong Petroleum -2.3025 0.4207 0 -5.7799 0.0000 0 1(1)
GDP -0.7061 0.9640 0 -4.8940 0.0004 0 1(1)
India Petroleum -3.9433 0.0219 1 -4.3722 0.0017 0 1(1)
GDP -2.6020 0.2819 0 -6.0759 0.0000 0 1(1)
Indonesia Petroleum -2.4053 0.3698 1 -2.8217 0.0668 0 1(1)
GDP -0.7252 0.9623 0 -4.3810 0.0016 0 1(1)
Iran Petroleum -4.8174 0.0029 2 KO)
GDP -0.8192 0.9516 4 -3.2285 0.0277 0 K D
Iraq Petroleum -1.2191 0.8893 0 -3.6157 0.0112 0 1(1)
GDP -1.9522 0.6042 o ■ -4.3761 0.0016 0 K D
Israel Petroleum -2.4701 0.3396 0 -5.4593 0.0001 0 1(1)
GDP -2.4458 0.3508 0 -6.1851 0.0000 0 1(1)
Jamaica Petroleum -2.2121 0.4672 0 -6.2362 0.0000 0 1(1)
GDP -1.6863 0.7340 0 -6.4762 0.0000 0 1(1)
Jordan Petroleum -1.5824 0.7776 0 -5.4260 0.0001 0 1(1)
GDP -2.4895 0.3304 3 -3.4632 0.0167 2 1(1)
Kenya Petroleum -5.1859 0.0014 5 KO)
GDP -1.0364 0.9238 1 -5.8595 0.0000 1 1(1)
Kuwait Petroleum -3.1982 0.1027 0 -6.0383 0.0000 1 1(1)
GDP -1.5614 0.7858 0 -6.0098 0.0000 0 1(1)
Lebanon Petroleum -2.9640 0.1583 2 -3.1106 0.0365 1 1(1)
GDP -3.3727 0.0736 1 -2.4146 0.1477 5 l(2)
Libya Petroleum -2.6531 0.2619 5 -5.6239 0.0001 0 1(1)
GDP -1.0820 0.9166 0 -4.7859 0.0006 0 1(1)
Malaysia Petroleum -2.1588 0.4946 1 -4.7956 0.0005 0 K D
GDP -1.9060 0.6281 0 -4.8857 0.0004 0 K D
Malta Petroleum -4.0109 0.0185 0 -9.6645 0.0000 0 1(1)
GDP -3.0099 0.1462 2 -1.3546 0.5907 1 l(2)
Morocco Petroleum -1.9061 0.6281 0 -4.5669 0.0010 0 1(1)
GDP -1.9226 0.6188 1 -9.2138 0.0000 0 1(1)
Mozambique Petroleum -3.3290 0.0797 0 -7.0005 0.0000 0 1(1)
GDP -0.8506 0.9496 0 -3.3324 0.0219 0 1(1)
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Table 4.13 : continued
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Myanmar Petroleum -0.9388 0.9387 0 -4.8134 0.0005 0 KD
GDP -1,7102 0.7225 1 -2.9794 0.0480 0 1(1)
Nepal Petroleum -2.1440 0.5030 0 -6.0058 0.0000 0 1(1)
GDP -2.6559 0.2602 0 -6.4036 0.0000 1 1(1)
Nicaragua Petroleum -1.7731 0.6941 0 -5.7279 0.0000 0 K1)
GDP -2.1020 0.5252 0 -5.7670 0.0000 0 1(1)
Nigeria Petroleum -3.9037 0.0266 6 -4.0658 0.0038 1 KD
GDP -1.3218 0.8641 0 -5.4605 0.0001 0 1(1)
Oman Petroleum -3.6337 0.0431 1 -4.1728 0.0029 1 1(1)
GDP -2.8370 0.1957 1 -4.6688 0.0008 0 1(1)
Pakistan Petroleum -0.5727 0.9739 0 -4.6660 0.0008 0 1(1)
GDP -1.4782 0.8162 0 -5.3248 0.0001 0 1(1)
Panama Petroleum -0.8440 0.9504 0 -4.6579 0.0008 0 1(1)
GDP -2.6800 0.2510 1 -4.1654 0.0028 0 1(1)
Paraguay Petroleum -1.5960 0.7722 0 -4.3226 0.0019 0 KD
GDP -3.3142 0.0870 7 -2.9160 0.0549 0 1(1)
Peru Petroleum -1.9948 0.5819 0 -4.4034 0.0015 0 1(1)
GDP -1.8893 0.6367 0 -4.6723 0.0007 0 1(1)
Philippines Petroleum -1.6752 0.7381 1 -3.8327 0.0066 0 1(1)
GDP -3.1098 0.1217 1 -3.8831 0.0059 1 1(1)
Qatar Petroleum -3.2825 0.0879 1 -4.3020 0.0021 1 KD
GDP -0.0913 0.9928 0 -4.7464 0.0006 0 K1)
Romania Petroleum -2.6972 0.2443 0 -6.0921 0.0000 0 1(1)
GDP -2.8125 0.2036 1 -2.0916 0.2492 0 1(2)
Saudi Arabia Petroleum -3.2324 0.0980 3 -2.7746 0.0736 0 1(1)
GDP -2.4213 0.3622 1 -3.1241 0.0350 0 KD
Senegal Petroleum -1.5904 0.7744 0 -6.2793 0.0000 0 1(1)
GDP -1.8183 0.6722 0 -5.8194 0.0000 0 1(1)
Singapore Petroleum -2.3956 0.3747 0 -5.5917 0.0001 0 1(1)
GDP -1.6819 0.7359 0 -5.1716 0.0002 1 1(1)
Sri Lanka Petroleum -1.5511 0.7898 0 -5.6337 0.0001 0 1(1)
GDP -3.2505 0.0929 0 -7.1372 0.0000 0 KD
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Table 4.13 : continued.
Countries Variables ADF Test ADF Test Results
Level P-value* Lags** Difference P-value* Lags**
Sudan Petroleum -3.2890 0.0862 0 -8.0762 0.0000 0 1(1)
GDP -1.7088 0.7239 0 -4.1450 0.0030 0 1(1)
Taiwan Petroleum -2.4504 0.3485 1 -3.7076 0.0101 5 1(1)
GDP -0.2945 0.9873 0 -4.3523 0.0017 0 K D
Tanzania Petroleum -1.2890 0.8726 0 -5.8239 0.0000 0 1(1)
GDP -1.3939 0.8428 1 -2.5038 0.1243 0 l(2)
Thailand Petroleum -2.2200 0.4626 0 -3.5578 0.0129 0 1(1)
GDP -2.1158 0.5173 1 -3.2069 0.0291 0 1(1)
Togo Petroleum 1.7612 1.0000 7 -5.5102 0.0001 , 2 1(1)
GDP -2.7391 0.2288 0 -6.0886 0.0000 0 1(1)
Trinidad & Tobago Petroleum -4.4591 0.0066 1 -3.5543 0.0130 0 K D
GDP -1.2261 0.8872 1 -2.7601 0.0758 0 1(1)
Tunisia Petroleum -4.5233 0.0072 7 KO)
GDP -3.4079 0.0681 0 -8.9405 0.0000 0 K D
United Arab 
Emirates
Petroleum -3.1814 0.1066 1 -2.8345 0.0651 0 K D
GDP -3.1088 0.1214 0 -6.7492 0.0000 1 K D
Uruguay Petroleum -2.2729 0.4354 1 -2.7160 0,0828 0 1(1)
GDP -2.9281 0.1679 1 -3.9535 0.0048 0 K D
Venezuela Petroleum -2.3446 0.3996 0 -3.8256 0.0067 0 K1)
GDP -1.2227 0.8885 0 -3.8456 0.0064 0 K D
Vietnam Petroleum -10.9950 0.0000 4 -9.9745 0.0000 4 K D
GDP -2.6226 0.2738 4 -4.9097 0.0004 0 K D
Yemen Petroleum -3.5587 0.0499 0 -5.9261 0.0000 0 K 1)
GDP -2.0677 0.5434 0 -4.8360 0.0005 0 1(1)
Zambia Petroleum -3.5633 0.0494 0 -5.8490 0.0000 0 K D
GDP -2.1940 0.4767 0 -7.1699 0.0000 0 K D
Zimbabwe Petroleum -2.3754 0.3845 0 -7.6403 0.0000 0 K D
GDP -1.5981 0.7713 0 -4.2960 0.0020 0 K D
Note:
Data for all countries covers the period 197 1 -2 0 0 3 . 
*MacKinnon (1 9 9 6 ) one-sided p-values.
** Based on SIC.
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Table 4.16 : Summary of the integration, cointegration and causality results for non-OECD countries 
(Petroleum and GDP)
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Petro & GDP Between Petro & GDP Petro —>Y 
(0
Y—>Pctro
(ii)
Pctro<—>Y 
(iii)
Petro—Y 
(iv)
Petro<—>Y 
(i+ii+iii)
Pctro=> Y
(i+iii)
Y =>Petro 
(ii+iii)
Albania xf xf xf xf
Algeria xf xf V xf
Angola xf xf xf xf
Argentina xf x' V x'
Bahrain V xf
Bangladesh BY xf xf xf xf
Benin < xf xf V
Bolivia V xf V V xf
Brazil BY V xf V xf
Brunei xf V xf V xf
Bulgaria V V xf xf
Cameroon V xf xf V xf
Chile V x' V xf
China xf xf xf x<
Colombia V xf xf xf
Congo < xf xf ■ xf
Congo Republic xf xf V xf
Costa Rica xf x' Nf xf
Cote d'Ivoire xf x' xf xf xf
Cuba V V xf xf
Cyprus xf xf V V xf xf
Dominican Rep. xf xf
Ecuador xf x' xf V xf
Egypt V x' xf x'
El Salvador xf xf x/ xf
Ethiopia x' V xf xf xf
Gabon V x' xf xf
Ghana xf xf xf xf xf
Gibraltar x' xf xf xf
Guatemala V x' x/ xf
Haiti V x' xf V xf
Honduras V xf xf xf V xf
Hong Kong V V
India V xf
Indonesia xf xf
Iran x' xf xf xf
Iraq V xf
Israel xf xf
Jamaica xf x/ xf xf xf xf
Jordan >/ xf xf xf xf
Kenya xf xf xf
Kuwait xf V
Lebanon By xf xf xf x' x/
Libya xf Nf xf xf
Malaysia xf xf xf xf
Malta BY xf V xf
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Table 4.16 : Continued.
Countries Stage 1: Integration: 1(1)
Stage 2: 
Cointegration Stage 3: Causality
Both Petro & GDP Betxvecn Petro & GDP Petro —>Y
(i)
Y—>Petro
(ii)
Petro<—>Y
(iii)
Petro—Y
(iv)
Petro<=>Y
(i+ii-Hii)
Petro=> Y
(i+iii)
Y =>Pctro 
(ii+iii)
Morocco xf xf xf V
Mozambique V xf V xf V xf
Myanmar V xf V V
Nepal xf V
Nicaragua xf I xf xf
Nigeria xf xf V ■ xf
Oman xf xf xf V xf
Pakistan xf xf xf xf
Panama xf xf xf V xf
Paraguay xf xf V V
Peru x' xf xf V
Philippines xf V xf xf xf
Qatar x' xf xf xf xf
Romania B y xf xf xf
Saudi Arabia x' xf xf V xf
Senegal xf xf xf V
Singapore V x' xf xf
Sri Lanka V xf
Sudan V V xf xf xf
Taiwan xf x' xf xf xf
Tanzania BY xf
Thailand xf xf xf xf
Togo xf xf
Trinidad & Tobago xf xf xf xf
Tunisia V xf xf
United Arab Em. xf V xf V
Uruguay x' xf xf xf
Venezuela xf V V xf
Vietnam V xf x' vf xf xf
Yemen I xf xf xf
Zambia V xf xf V xf
Zimbabwe xf xf V xf
Total 68 10 24 18 24 12 66 48 42
% 87% 13% 31% 23% 31% 15% 85% 62% 54%
Data for all countries covers the period 1971-2003.
* Either e or y were found to be !(2) with the other being 1(1) or l(2) therefore cointegration was still tested.
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T a b l e  4.17 : C o m p a r i s o n  of causality results (Electricity I  Pe t r o l e u m  a n d  G D P )  with 
previous studies ba se d o n  individual countries
Countries Previous studies Methodology Period Results This study
A. Electricity
DCs:
Australia Narayan & Smyth (2005) Cointegration (M) 1966-1999 Y—>Elec Y—>Elec
Canada Murry & Nan (1996) Granger (B) 1970-1990 Elec—+Y Elec<->Y
Greece Hondroyiannis et al (2002) Cointegration (M) 1960-1996 Res<->Y ElecOY
Turkey Murry & Nan (1996) 
Altinay & Karagol (2005)
Granger (B)
Dolado-Lukepohl’s Granger (B)
1970-1990
1950-2000
Elec—>Y 
Elec—+Y
Elec—>Y
LDCs : 
A sia:
Bangladesh Mozumder & Marthe 
(2007)
Cointegration (B) 1971-1999 Y—*Elec ElecOY
China
Shanghai
Shiu & Lam (2004) 
Wolde-Rufael (2004)
Cointegration (B)
Toda & Yamamoto’s Granger (B)
1971-2000
1952-1999
Elec—Y 
Elec—»Y
Elec<-»Y
Hong Kong Murry & Nan (1996) Granger (B) 1970-1990 Elec—+Y Elec—>Y
India Murry & Nan (1996) 
Ghosh(2002)
Granger (B) 
Cointegration (B)
1970-1990
1950-1997
ElecOY 
Y—*Elec
Y—+Elec
Indonesia Murry & Nan (1996) 
Yoo (2006)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1971-2002
Y—>Elec 
Y—>Elec
ElecOY
Korea Murry & Nan (1996) 
Yoo (2005)
Granger (B) 
Cointegration (B)
1970-1990
1970-2002
ElecOY
EIec<-*Y
ElecOY
Malaysia Murry & Nan (1996) 
Yoo (2006)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1971-2002
Elec<-+Y
Elec*-+Y
Elec<->Y
Pakistan Murry & Nan (1996) 
Aqueel & Butt (2001)
Granger (B)
Hsiao’s Granger (B)
1970-1990
1955-1996
Elec—>Y
Elec—»Y
Elec—»Y
Philippines Murry & Nan (1996) Granger (B) 1970-1990 ElecOY ElecOY
Singapore Murry & Nan (1996) 
Yoo (2006)
Granger(B)
1
Hsiao’s Granger (B)
1970-1990
1971-2002
Elec—*Y 
ElecOY
Y—>Elec
Sri Lanka Morimoto & Hope (2004) Granger (B) 1960-1998 Elec—>Y ElecOY
Taiwan Yang(2000)
Lee & Chang (2005)
Hsiao’s Granger (B) 
Cointegration (B)
1954-1997
1954-2003
ElecOY
ElecOY
ElecOY
Thailand Asafu & Adjaye (2000) 
Masih & Masih (1998)
Co integration (M) 
Cointegration (M)
1971-1995
1955-1991
Elec<->Y 
Elec—>Y
Y—»Elec
Latin
America:
Colombia Murry & Nan (1996) Granger (B) 1970-1990 Y—>Elec Elec—>Y
El Salvador Murry & Nan (1996) Granger (B) 1970-1990 Y—>Elec Elec<-+Y
Mexico Murry & Nan (1996) Granger (B) 1970-1990 Y—>Elec ElecOY
A frica:
Algeria Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec<-»Y
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Congo RP Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec—>Y
Kenya Murry & Nan (1996) 
Wolde-Rufael (2006)
Granger (B)
Toda & Yamamoto’s Granger (B)
1970-1990
1971-2001
Y—>Elec 
ElecOY
ElecOY
Sudan Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY ElecOY
Benin Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—+Y Elec—+Y
Congo Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—+Y ElecOY
Tunisia Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec—*Y Elec—>Y
Cameroon Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec—+Y
Ghana Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Y—>Elec
Nigeria Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec<-*Y
Senegal Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec<->Y Y—>Elec
Zambia Murry & Nan (1996) 
Wolde-Rufael (2006)
Granger (B)
Toda & Yamamoto’s Granger (B)
1970-1990
1971-2001
ElecOY
Elec<->Y
ElecOY
Zimbabwe Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 Elec+-+Y ElecOY
Egypt Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY EIec+->Y
Gabon Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec<-+Y
Morocco Wolde-Rufael (2006) Toda & Yamamoto’s Granger (B) 1971-2001 ElecOY Elec+-+Y
B. Petroleum
China Zou & Chau (2006) Cointegration (B) 1953-2002 Petro-Y Petro—»Y
Korea Zou & Chau (2006) Cointegration (B) 1961-1990 Petro<-+Y PetroOY
Pakistan Aqueel & Butt (2001) Hsiao’s Granger (B) 1955-1996 Y—>Petro Y—►Petro
Taiwan Yang (2000)
Lee & Chang (2005)
Hsiao’s Granger (B) 
Cointegration (B)
1954-1997
1954-2003
Y—>Petro 
Petro—>Y
Petro<-»Y
Thailand Hoa(1993) Cointegration (B) 1966:1-91:1 Petro <->Y Y—►Petro
Note: —» refers to ‘uni-directional (one way) causality’
<-» refers to ‘bi-directional (two ways) causality’
0 refers to ‘no causality’.
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Causality between ‘aggregate energy consumption and GDP : 
A panel cointegration approach 1
5.1 Introduction
It can be seen from the literature that m o s t  of the energy causality w o r k  in the last fe w 
decades used time series data. Recently causality w o r k  has been enhanced using panel data. 
This m e t h o d  can take heterogeneous country effect into account in a single estimation b y  
allowing for individual-specific variables. Moreover, the m o d e l  allows a greater n u m b e r  of 
degree of freedom. M o s t  panel causality studies in the literature have been applied in other 
economic area, such as finance, h o w e v e r  just a f e w  have been applied in the energy area.
This chapter m a k e s  tw o  contributions to the causality literature. Firstly, this study provides 
causality testing in a panel context w h i c h  is n e w  in the energy ec on om ic literature. 
Secondly, this study covers a large n u m b e r  of countries both O E C D  an d n o n - O E C D ,  and as 
far as is k n o w n  this is the first attempt to test causality in different panel groups of the 
countries. T h e  countries are classified, based o n  H u m a n  D e v e l o p m e n t  Index (HDI), into 
three different panel groups, high, m i d  an d  l o w  development countries.
T h e  chapter starts with a description of the methodology of causality using a panel data 
approach followed b y  the data used in the model. T h e  results are then discussed and a 
s u m m a r y  provided. • • -
5.2 M e t h o d o l o g y
T h e  causality analysis of panel data2 consists of four steps. First, panel unit root tests 
(based o n  L L C  (2002) an d IPS (2003)) for the series are undertaken. Second, if they are
C h a p t e r  5
1 A summary of the results from this chapter was presented in the 9th IAEE European Energy Conference on 
‘Energy Markets and Sustainability in a Larger Europe’ in Florence, Italy, 10-13 June 2007.
2 As stated by Gujarati (2003), there are other names for panel data, such as pooled data (pooling of time 
series and cross-sectional observations) combination of time series and cross-section data, micro panel data, 
longitudinal data, event history analysis, and cohort analysis. Although there are subtle variations, all these 
names essentially connote movement over time of cross-sectional units.
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integrated at order on e 1(1), a cointegration test (based o n  Pedroni, 1999) is employed. 
Third, if the series are cointegrated, the long-run cointegration vector is estimated using the 
Panel fliliy modified ordinary least square, (based o n  Pedroni 2000, henceforth P F M O L S ) .  
A  long run relationship implies that there m u s t  be causality in at least on e direction. T h e n  a 
panel error correction m o d e l  (based o n  Engle &  Granger, 1987) is established to examine 
the direction of causality. H o w e v e r  if cointegration does not exist, panel causality will still 
be tested in the short run V A R  model.
5.2.1 Panel unit root test
A s  discussed in Chapter 2, t w o  panel unit root tests, based o n  L L C  (2002) and IPS (2003) 
are represented as follows.
5.2.1.1 L L C  test
L L C  (2002) proposes a panel-base A D F  test with a panel setting and restricts y  to keep it 
identical across cross-sectional regions. T h e  test imposes homogeneity o n  the 
autoregressive coefficient that indicates the presence or absence of a unit root whereas the
intercept and trend can vary across individual series.3 T h e  m o d e l  only allows for
heterogeneity in the intercept a n d  is given by:
Pi
A x , ,  = a ,  +  ? x IJ- l + ' Z a J A x :J - i + e iJ (s -l)
where x i t is a series (such as energy an d G D P )  for panel m e m b e r  (country) i over period t
((i=l,2.,N); t=l,2.,T)), p , is the n u m b e r  of lags in the A D F  regression and the error term e it
are a s s u m e d  to be independently and normally distributed r a n d o m  variables for all i and t 
zero m e a n  an d finite heterogeneous variance. T h e  lag orderp f in equation (5.1) are allowed 
to vaiy across the countries. Thus, the null hypothesis in all panel unit root tests is that each 
series in the panel contains a unit root, an d thus is difference stationaiy as follows.'
H 0 : y = 0  (5.2)
while the alternative hypothesis is that all individual series in the panel are stationary.
3 As stated by Banerjee (1999), “the LLC model allows for fixed effects and unit-specific time trends in 
addition to common time effects which may in practice be concentrated out of the equation. The unit specific 
fixed effects are an important source of heterogeneity here since the coefficient of the lagged dependent 
variable is restricted to be homogeneous across all units of the panel.” (Benerjee, 1999).
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T h e  fixed-effect m o d e l  in equation 5.1 is based o n  the usual t-statistic:
K l: y < 0  (5.3)
7_ 
s .e .( y )* r = — — • (5-4)
In the test y is restricted b y  being kept identical across regions under both the null and 
alternative hypotheses.
5.2.1.2 I P S  test
IPS (2003) introduces a panel unit root test in the context of a heterogeneous panel. Like 
L L C  (2002), the IPS test is also a panel-base A D F  test with a panel setting but allows y i to 
vary across cross-sectional regions. Thus, the IPS test has an advantage over the L L C  test 
in the sense that it allows for the heterogeneity in the value of y . . T h e  m o d e l  is given b y
Pi
Ax,., =  or. +  +  £  a } Ar. ,_y +  s it (5.5)
7-1
Therefore, the null hypothesis is relaxed as s h o w n  below.
H 0 : y  =  0 (5.6)
Wh i l e  the alternative hypothesis is that at least one of the individual series in the panel is 
stationary.
H i :  y t < 0  (5.7)
for all i, the alternative hypothesis simply implies that y, differ across countries.
D u e  to the heterogeneity, each equation is estimated separately b y  O L S  and the test 
statistics are obtained as (studentized) averages of the test statistics for each equation.
T h e  IPS t-bar statistic is simply defined as the average of the individual Dickey-Fuller 
T statistics:
1 A Y
' = - 7 7 I X  (5.8)
N  M s .e .(y )
A s s u m i n g  that the cross-sections are independent, IPS proposes the use of the standardized 
t-bar statistic as s h o w n  below.
Z  =  N p m  (5.9)
j V a r ( t )
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T h e  term E ( t ) and V a r ( t ) are the m e a n  an d variance o f  each t  statistic. T h e y  are
generated b y  simulations an d are tabulated in IPS (1997). T h e  statistic term Z  converges 
to a standard normal distribution as N  and T — > oo. Based o n  M o n t e  Carlo experiment 
results, IPS sh o w s  that the test has m o r e  favorable finite sample properties than the L L C  
test.
5.2.2 Panel cointegration test
If the panel series of G D P  (Y) and Energy (E) are found to be 1(1), the next step is to test 
whether they are cointegrated, in other w o rd s to test whether or not a long-run relationship 
between t h e m  exist. In this study, the Pedroni (1999, 2004) panel cointegration test is 
applied since it allows for using panel data, thereby increasing the degree of freedom, and 
allowing for both homogeneity an d  heterogeneity in the intercepts and slopes of the 
cointegration vector. T h e  m o d e l  is specified as follows.
In the model, the parameter a.t allows for the possibility of country-specific fixed effects 
and the coefficients of f i fl allows for the variation across individual countries.
F r o m  equation (5.10), the null hypothesis of n o  cointegration of the pooled (within- 
dimension) estimation is as follows.
(5.10)
where: y i t is real G D P  per capita,
e j i  t is energy consumption per capita,
£ it  =  p , £ i{t_i) +  wi t is the disturbance from the panel regression, an d 
P i represents the autoregressive coefficient of the residuals in the iUl cross 
country section.
H 0 : P i = l
for all i, against the alternative hypothesis is
(5.11)
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for all i, hence under the alternative hypothesis, the within-dimensional estimation assumes
a c o m m o n  value for p . =  p  ,
Hu p, =p<l (5.12)
While, the null hypothesis of no cointegration of the pooled (between-dimension) 
estimation is as follows.
for all i, hence under the alternative hypothesis, the between-dimensional estimation does 
not presumes a c o m m o n  value for p ; —p .  T h u s  this allows a n  additional source of 
possible heterogeneity across individual country m e m b e r s  of the panel.
A s  Pedroni mentioned, the cointegration vector m a y  be heterogeneous across countries of 
the panel. H e  developed tw o  types of test. T h e  first type is based o n  the within-dimensional 
approach (panel test), w h i c h  includes four statistics: panel v-statistic, panel p-statistic, 
panel PP-statistic an d panel ADF-statistic. These statistics pool the autoregressive 
coefficients across different m e m b e r s  for the unit root tests on the estimated residuals. T h e  
second type is based o n  the between-dimensional approach (group test) wh ic h includes 
three statistics: group p-statistic; group PP-statistic and group ADF-statistic. These 
statistics simply average the individually estimated coefficients for each m e m b e r . 4 T h e  
seven statistics are s h o w n  below.
Panel v-statistic:
H 0 : p i  = 1
for all i, against the alternative hypothesis is
(5.13)
Hi : Pi <  i (5.14)
( N T  V 1
(5.15)
V M '=1 7
Panel p-statistic:
(5.16)
The detailed proofs of these statistics can be found in Pedroni (1999, 2004).
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Panel PP-statistic:
.-1/2
V z £ A 1 4 2J  ±Y(e„-A4- 4 )  (5 .i7 )
V /=l i=i J i=l r=i
Panel ADF-statistic
z ;= fy £ lA -,2A:2,T (5.i8)
V i=t i=i J  /=! »=i 
G r o u p  p-statistic:
^  =  £  ( 4 - > A 4 ~ 4 )  (5.19)
1=1 V 1=1 y »=i 
G r o u p  PP-statistic:
4 = Z  f  ^ Z e . T ' z  ( 4 - . A 4  -  A )  (5.20)
,=i v /=i y i=i
G r o u p  ADF-statistic:
z ; = Z  f z ^ f z  v - a y )  (5 .2D,-=i V ,=i y ,=i
w h er e [k n  t -  ju A n ) /  f v  = >  N ( 0,1) an d K N T is the estimated residual from equation
* ^  7 , 4
(5.10) and nuisance parameter L~lu  is the estimated long-run covariance matrix for A f y .
Similarly, o f  an d s f ( s * ~ ) are the long-run and contemporaneous variances of w . ; for
individual i respectively5. All seven tests are asymptotically standard normal distribution 
given b y  the respective panel/group cointegration statistic, p  and v are the expected m e a n  
and variance of the corresponding statistic.6 T h e  panel v-statistic is a one-sided test wh er e 
large positive values reject the null of no cointegration whereas the 6 remaining statistics 
diverge to negative infinitely, w h i c h  m e a n s  that large negative values reject the null. T h e
critical values are also tabulated b y  Pedroni (1999). Ea c h  of these tests are able to
a c c o m m o d a t e  individual specific short-run dynamics, individual specific fixed effects and 
deterministic trends as well as individual specific slope coefficients (Pedroni, 2004).
5 The other terms are explained in Pedroni (1999) with the appropriate lag length determined by the Newey- 
West method.
6 The statistics are computed in table 2 of Pedroni (1999).
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5.2.3 E stim a tin g  th e  long ru n  co in teg ra tio n  re la tionsh ip  in a p an e l con tex t
If cointegration between panel series is found, the cointegration vector m a y  be estimated in 
order to form the error correction term. In this study, a recently developed technique; Panel 
full-modified O L S  ( P F M O L S )  developed b y  Pedroni (2000) has been adopted to estimate 
the panel cointegration vector. This m e t h o d  can capture the heterogeneity across countries.
This approach suggests a group m e a n  ( P F M O L S )  estimator w h ic h is the simple average of 
the individual F M O L S  for each country. This m e t h o d  therefore deals with the endogeniety 
of the regressors and helps to correct serial correlation. Hence, the P F M O L S  estimator 
depends o n  the between dimension estimation w h ic h permits for heterogeneity of the 
cointegrating vectors in the sense that it provides a c o m m o n  cointegrating vector under the 
null hypothesis.
T h u s  the long-run equation is estimated as follows.
y , j  = c t , + P , e l J + s , J (5.22)
This equation is estimated for the panel data set wh er e cointegration is found.
5.2.4 C au sa lity  testing  in a  p an e l contex t
Since cointegration does not indicate the direction of the causal relation, the Granger 
causality test is implemented to establish the direction of panel causality.
For the case wh er e cointegtation is not found, the standard causality equation can be 
represented as follows.
A y u — 6 X. +  y [  Qx ux-APft-jt E  @\2ikA e u-k +  (5.23)
k k
A e u =  @2j  T .@ 2UkAPfr-x 8 12ikA e it_k +  v lu (5.24)
k k
wh er e A  denotes the first differencing and k  is the lag length and is chosen optimally for 
each country using a step-down procedure u p  to a m a x i m u m  of two lags7.
7 A ‘reasonable’ maximum lag is required therefore the analysis below uses a maximum lag at 2. However,
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(5.23) or H o  : 0 2uk — 0 for all i and k  in equation (5.24) against the alternative hypothesis 
of causality, H i  : 0 llik  +  0 for all I and k  in equation (5.23) and Hi : 6 lxlk +  0 for all i and 
k in equation (5.24). T h e  sources of causation can be identified b y  undertaking the joint F- 
test for the significance of the coefficients of lag independent variables; 0 x2ik in equation
(5.23) and 6 1Xik in equation (5.24)8. Therefore in equation (5.23), e causes y  if the 
coefficient Gxm is not equal to zero. In equation (5.24), y causes e if the coefficient 0 2Xik is 
not equal to zero.
For the case wh e r e  the panel series are found to be cointegrated a panel-based error 
correction model, to account for the long-run relationship using the two-step procedure 
fiom Engle &  Granger (1987), is adopted in order to implement the Granger causality. T h e  
first step is to estimate the long run m o d e l  from equation (5.10) in order to obtain the 
estimated residuals, £ i t. T h e  second step is to estimate the Granger causality m o d e l  with a 
dy na mi c error correction as follows.
A y,t ~ @ \ j  y \ A C U_X +  ® \ \ ik L y it- k +  ^ 0 \2, A e u - k +  (5.25)
k k
A e it =  @2j  +  2 ' 2 j E C X[_X +  f  ,@ 2 \iA y it -k  i A e it-k y ^ 2 it (5.26)
k k
w h er e E C  is the error correction term from a cointegrating equation of the form 
y t —  p e t +  E C ,  and hence is 1(0). T h e  parameter of E C  term represents the speed of 
adjustment. T h e  significance of the parameter indicates a long-run relationship of the 
cointegration process, and thus m o v e m e n t s  along this path can be considered permanent. 
In essence, if a pair of 1(1) series are co-integrated, there mu s t  be Granger-causality in at 
least on e direction (either e to y  and/or y  to e ) hence it is necessary to add the E C  term to 
equation (5.25) an d  equation (5.26) to avoid miss-specifying the m o d e l  an d missing one 
source of causation. Hence, in this formulation there are tw o possible sources of Granger-
the results from the analysis use 1 lag as the results seem to be more robust.
The null hypothesis of no causality in this case is Ho : 0X2ik = 0 for all i and k in equation
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causality; for the A y it equation causality arises either through the lagged A e  terms if 
6{2ilc ^  0 or through the E C t. j term, if A u +  0 (implying a long run relationship); and for the 
A e it equation it arises either through the lagged A y  terms if d2uk A  0 or through the E C u i  
term, if A 2i *  0 .9
In these cases the null hypothesis of n o  causality is that H o  : A li =  9 l2ik =  0 for all i and k  in 
equation (5.25) or H 0 : A2i =  9 2uk =  0 for all i and k  in equation (5.26) against the 
alternative hypothesis of causality, Hi : A  9 l2jk +  0 for all i and k  in equation (5.25) an d
H i  : -A 9 2uk ^  0  for all i and k  in equation (5.26). T h e  sources of causation can be
identified b y  undertaking the joint F-test for the significance of coefficient of E C  term (/>) 
and the coefficients of lag independent variables ( 9 l2jk) in equation (5.25), an d for the 
significance of coefficient of E C  term (/L^ , ) an d the coefficients of lag independent 
variables 9 2Uk in equation (5.26). Therefore in equation (5.25), e causes y  if the coefficients 
Az an d 9 nik are not equal to zero. In equation (5.26), y  causes e if the coefficients A2j and 
02Uk are not equal to zero.
Gi ve n the above, the me thodology adopted for this paper (illustrated in Figure 5.1) 
involves the following stages:
S t a g e  1 :  Stationarity of the variables for 5 balanced panel data sets based o n  three 
tests; L L C  (2002) an d IPS (2003) is tested. Four possible tests are investigated: 1) 
testing e a n d y  in level b y  including only a constant term; 2) testing e and y  in level 
by  including a constant term an d time trend; 3) testing e an d y  in difference b y  
including only a constant term; 4) testing e and y  in difference term b y  including a 
constant term and time trend. For all the tests the n u m b e r  of lags is determined by 
using the Sc hw ar z (SIC) criteria. W h e n  deciding whether to reject the null of a unit
8 As stated by Lee (2005), due to all variables entering the model in stationary form, a standard F-test can be 
used to test the null hypothesis, which shows that none of the estimated country-specific parameters are 
significant. See also in Canning & Pedroni (1999).
9 In some studies a distinction is made between long-run causality from the EC term and short-run causality 
from the lagged Ay or Ae terms. This distinction is not explicitly used in this thesis.
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root (stationarity) the 5 %  significance level is used for the levels an d the first 
differences.
F r o m  this if it is found that either panel e or y  are found to be 1(0) with the other 
being 1(1) or 1(2) then the standard Granger procedure is adopted, i.e. followed b y  
Stage 3a. If, o n  the other hand, either panel e or y  are found to be 1(2) with the 
other being 1(1) or 1(2) then cointegration is still tested (i.e. followed b y  Stage 2) b y  
assuming that both variables are 1(1), i.e. implicitly assuming the 1(2) result is a 
statistical anomaly.
S t a g e  2 :  Cointegration between panel e and y  is tested for, using the technique 
developed b y  Pedroni (1999). F r o m  this, if cointegration is not found proceed to 
Stage 3a, but if cointegration is found proceed to Stage 3b.
S t a g e  3 a : Causality fr om panel e to y  (and y  to e) using the standard Granger 
procedure (i.e. estimate equations (5.23) and (5.24)) is tested. Causality evidence 
will be determined based o n  the joint F-test o n  the lags independent variables.
S t a g e  3 b : O n c e  cointegration exists, the long-run cointegrating vector is estimated 
using the P F M O L S  developed b y  Pedroni (2000). A  long run relationship implies 
that there mu s t  be causality for at least one direction. Therefore the next step is to 
test if it is fr o m  e to y  (and/or y  to e) using dynamic panel error correction m o d e l  
( E C M )  equations (5.25) and (5.26) an d  test accordingly. Causality evidence will be 
determined based o n  the joint F-test o n  the lags independent variables and E C  
terms. Ho we ve r, if the estimated coefficient of the E C  term is positive then 
causality is re-estimated with difference terms as s h o w n  in Stage 3a. l0’n
10 Where the estimated coefficient of the EC term was positive the cointegration approach was abandoned and 
causality was re-tested using die Standard Granger, i.e. Stage 3 a.
11 Technically, the statements about causality refer to the variables in logs (i.e. e andy) as used throughout 
this section on methodology. However, for ease of exposition, references hereafter are in terms of the levels 
(i.e. E and Y).
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Figure 5.1: Panel Causality testing framework
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\T h e  analyses in this chapter are carried out o n  30 O E C D  countries an d 78 n o n - O E C D  
countries for the time periods ranging from 1960-2003 for the O E C D  countries and 1971- 
20 03 for the n o n - O E C D  countries respectively. All data c o m e s  fr o m  the s a m e  source: I E A  
Energy Statistics (2005) for the O E C D  and the n o n - O E C D  countries.
For each country ‘E ’ is Final Energy C o n s u m p t i o n  in thousand tones of oil equivalent 
(ktoe) divided b y  population and Y  is real G D P  in U S  dollars using Purchasing P o w e r  
Parities (PPPs) divided b y  population.
This chapter will also classify countries based o n  the H D I  2 0 0 2 12 in order to have a clearer 
distinction between developed and developing countries. T h e  lists of the O E C D / n o n -  
O E C D  countries an d the classification of the countries according to the H D I  are s h o w n  in 
Table 3.1 and Table 3.2 in Chapter 3.
Five balance panel data sets are provided as followed :
I. Data set covering the period 1971-2003 for 30 O E C D  countries.
II. Data set covering the period 1971-2003 for 78 n o n - O E C D  countries.
III. Data set covering the period 1971-2003 for 45 high development countries.
IV. Data set covering the period 1971-2003 for 43 m i d  development countries.
V. Data set covering the period 1971-2003 for 17 l o w  development countries.
5.4 R esu lts13
T h e  results of all panel estimation for both the O E C D / D e v e l o p e d  and the no n  
O E C D / d e v e l o p i n g  countries are presented in Tables 5.2-5.6 with a s u m m a r y  given in Table 
5.7.
5.3 Data
12 Human Development Report 2004.
13 A il estimation was done using E V IE W S  5.1 and R A TS  5.0.
221
5.4.1 Panel unit root
Tables 5.2 an d 5.7 present the results of panel unit root test for 6 panel data sets. A t  5 %  
significance level the series of E  an d  Y  for all groups are generally found to be 1(1) based 
o n  the L L C  test and IPS test.
5.4.2 Panel C o in teg ra tio n
Tables 5.3 an d 5.7 report the panel cointegration estimation results. Evidence of panel 
cointegration between E  an d Y  is found in the group of n o n - O E C D  countries (panel data 
set II) and the group of mid-development countries (panel data set IV) at 5 %  significance 
level.
5.4.3 P FM O L S estim atio n 14
For the panel group of the n o n - O E C D  countries and panel group o f  mid-development 
countries where cointegration were found, the long-run relationship will be estimated using 
P F M O L S .  Table 5.4 and Table 5.5 report the results of the individual and panel F M O L S  
for the n o n - O E C D  group (panel data set II) an d mid-development group (panel data set 
IV). T h e  panel estimators with an d without c o m m o n  time d u m m i e s  are s h o w n  at the 
bottom of the tables. In both tables the coefficients of E  in Y  equation an d  coefficients of Y  
in E  equation are statistically significant at the 1 %  level.
5.4.4 P anel causality
Similar to the time series modelling in Chapter 3, w h e n  undertaking the testing procedure 
outlined in Figure 5.1, there are four possible outcomes from the tests for causality:
i. E  Granger causes Y,
ii. Y  Granger causes E,
iii. E  Granger causes Y  and Y  Granger causes E,
iv. N o  Granger-causality exists.
T h e  causality results are s h o w n  in Table 5.1 b e l o w  an d see also in Table 5.7.
14 PFMOLS is estimated using the software program; RATS 5.0.
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Table 5.1 : Direction of causality results for all panel groups15
C o u n try  
(Balance Panel)
C au sa lity  
(Energy and GDP)
E>Y Y—E E*-»Y E—Y
(i) (ii) (iii) (iv)
I. OECD (30) V
II. Non-OECD (78) V
III. High (45) V
IV. Mid (43) V
V. Low (17) V
Table 5.1 summarises the overall results wh er e s o m e  form of causality exists in either 
direction or both directions (case i, ii and iii) or no causality (case iv). This s h ow s that the 
O E C D  group (panel group I) and the n o n - O E C D  (panel group II) s h o w  evidence of bi­
directional causality. According to the H D I  classification wh ic h is illustrated in the last 3 
bottom lines, all panel groups, high, mid, an d l o w  development countries (panel group III, 
I V  an d V )  s h o w  the s a m e  evidence of bi-directional causality.16
T h e  significance level of the causality results fr om the causality testing is s h o w n  in Table 
5.6. T h e  standard Granger causality test w a s  undertaken for the four panel groups (panel 
data set I, III and V )  where cointegration w a s  not found. T h e  results s h o w  evidence of bi­
directional causality at less than 5 %  significance levels. Causality is tested o n  the E C M  for 
the t w o  panel groups, n o n - O E C D  group (panel data set II) and mid-development group 
(panel data set IV) wh er e cointegration is detected. T h e  results also s h o w  evidence o f  bi­
directional causality between the panel series of E  and Y  at less than 5 %  significance level.
15 The summary results in Table 5.1 are derived from the results from the causality estimation equations in 
Table 5.6.
16 Although no previous panel cointegration studies o f Energy-GDP causality present diagnostic tests for the 
estimated ‘Granger causality’ equations, a summary table for the equations presented here are presented and 
discussed in the Appendix.
223
5.5 Comparison of causality results with previous studies in the literature17
It can be seen that the results from this chapter show evidence o f bi-directional causality in 
all panel data sets. There are only two previous studies investigating causality between 
energy and G D P using panel data in the literature. These two studies are Lee (2005) and 
Al-Iriani (2006) (see Table 5.8 and more details in Chapter 2). Broadly speaking it is not 
easy to compare the results w ith these two previous results since a number o f countries in 
the panel group and also the classification o f the group are different. Moreover, the 
technique for causality testing is different, particularly in the case o f Al-Iriani (2006).
When comparing the results w ith the findings o f Lee (2005), who used the same technique 
and the sim ilar period, 1975-2001 as this study to investigate causality between energy and 
G D P, but in the small panel 18 developing countries18, the results in this study for the panel 
78 non-OECD country group can be compared w ith Lee’s results since the m ajority o f the 
countries (15 countries)19 in Lee ’s study are in the 78 non-OECD group. However, the 
results from the panel 78 non-OECD country group in the thesis show bi-directional 
causality whereas Lee found only uni-directional causality running from energy to G D P in 
his 18 developing panel country group. This is confirmed by our results based on panel 
H D I country groups. About one-third (6 countries)20 o f the countries in Lee ’s study are in 
the high development group. About half (10 countries)21 are in the mid-development group. 
The m inority (2 countries)22 are in the low-development group. Bi-directional causality is 
found in all panel H D I groups. The difference between the results presented here and Lee’s 
results may come from the different number o f countries in both panel groups. However 
the results from the time series analysis for the 18 developing countries which show 
evidence o f energy to G D P causality for about 44% are likely to support Lee’s results 
which show evidence o f energy to G D P causality in his 18 panel country group.
17 T he com parison  o f  the panel results w ith  the tim e series resu lts w ill be  discussed in C h ap te r 7.
18 South  K orea, S ingapore, H ungary , A rgentina, C hile, C olom bia, M exico, Peru , V enezuela , Indonesia, 
M alaysia, Philippines, Thailand, India, Pakistan , Sri Lanka, G hana and Kenya.
19 S ingapore, A rgentina, C hile, C olom bia , Peru , V enezuela , Indonesia, M alaysia, P h ilipp ines, Thailand, India, 
Pakistan, Sri Lanka, G hana and Kenya.
20 South  K orea, S ingapore, H ungary, A rgentina, C hile, and M exico.
21 C olom bia, Peru, V enezuela, Indonesia, M alaysia , Philippines, T hailand, India, Sri L anka, G hana.
22 Kenya and Pakistan.
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The results for the group o f non-OECD panel group can also be compared with the Al- 
Iriani (2006) findings, which also based upon a balanced panel data study for a sim ilar 
period (1971-2002). A l-Iriani (2006) investigated causality between energy and G D P for 
the 6 panel G u lf Cooperation Council (G C C ) countries, which comprise o f Bahrain, 
Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Em irates (U A E ) using G M M  
estimation procedure. Although the 6 G C C  countries are members o f the non-OECD 
country group, the results from the A l-Iriani (2006) are different from the results here, 
which find bi-directional causality for the 78 non-OECD panel group whereas A l-Iriani 
found only uni-directional causality running from G D P to energy in the 6 G C C  non-OECD 
panel group. W hen considering the H D I panel groups, four countries in the A l-Irian i’s 
study, Bahrain, Kuwait, Qatar and U A E  are members o f 45 high-development panel 
country group while the other two, Oman and Saudi Arabia are members o f 43 mid­
development panel country group. The results presented here show bi-directional causality 
in both 45-high and 43-mid development panel groups. The panel causality results from the 
thesis are different from A l-Irian i’s results. The difference between the results presented 
here and A l- Irian i’s results may come from the different number o f countries in both panel 
groups and also the different techniques used. Nevertheless, the results from time series 
analysis for the 6 G C C  countries, which show evidence o f G D P  to energy causality for 
about 67% appears to support A l- Irian i’s results, which show evidence o f G D P to energy 
causality in his 6 G C C  panel country group.
5.6 Sum m ary and Conclusion
This chapter has em pirically investigated the causal relationship between energy 
consumption and economic growth in the panel context for the panel o f 30 O EC D  
countries and the panel o f 78 non-OECD countries. Panel causality tests are systematically 
performed using recently developed techniques. To generate a clearer distinction between 
developed and developing countries the H D I has been adopted to categorise the countries 
into three panel groups, high, ntid, and low  development countries.
h i this chapter causality is conducted through the following steps. First the panel unit root 
tests proposed by L L C  (1993) and IP S  (2003) are employed. Second a co integration test 
developed by Pedroni (1999) for a panel o f countries, which provides for more powerful
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tests in the sense that it increases the degree o f freedom compared to the cross-section 
approach and also allows different individual effects’ cross-sectional interdependency, is 
adopted. Third, the long-run relationship is estimated using the PFM O LS  technique for 
heterogeneous cointegrated panels (Pedroni, 2000). Finally, once the panel cointegration is 
implemented, a panel error correction model to examine for causality between energy 
consumption and G D P is established.
The results show evidence o f bi-directional causality in all panel groups, and this refutes 
the neutrality hypothesis for the energy-income relationship. The bi-directional causality 
indicates that there is mutual interdependence o f energy and the economy in these groups 
o f countries. Lim iting energy use (e.g. through energy conservation) would hamper 
economic growth in these countries.
The next chapter w ill investigate causality between the two main elements; disaggregate 
energy (electricity and petroleum) and G D P  using the panel cointegration framework, 
introduced in this chapter.
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Table 5.4 : FMOLS results for non-OECD countries
for the period 1971-2003 (Energy & GDP)
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Albania 0.106 1.41
(-9.842 ) (-0.459)
Algeria 0.18 1.59
(-13.682) (-0.505)
Angola -0.08 -2.578
(-23.540 ) (-2.306)
Argentina 0.662 1.315
(-4.533 ) (-2.261)
Bahrain 0.273 0.409
(-2.805 ) (-2.446 )
Bangladesh 1.2 0.797
(-3.742) (-5.598 )
Benin 0.061 8.631
(-59.437 ) (-2.588)
Bolivia j 0.012 -0.051
(-8.424) (-1.255)
Brazil 1.164 0.704
(-0.675) (-2.320 )
Brunei -0.356 -1.752
(-16.389 ) (-7.462)
Bulgaria -0.198 -0.208
(-4.178 ) (-3.555 )
Cameroon -0.046 -1.17
(-15.486 ) (-1.530)
Chile 1.095 0.887
(-1.353) (-2.101 )
Colombia i 1.489 0.454
(-1.509) (-4.968 )
Congo 0.115 0.109
(-2.979 ) (-3.119) I
Congo Republic -0.465 -1.808
(-17.633 ) (-8.924)
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Table 5.4 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Costa Rica 1.588 0.178
(-0.929) (-8.861 )
Cote d’Ivoire -0.178 -1.451
(-10.347) (-3.297)
Cuba 0.252 0.549
(-3.872) (-0.980 )
Cyprus 1.107 0.905
(-3.463) ( -3.750)
Dominican Republic 1.088 0.663
(-0.396) (-2.281 )
Ecuador 0.615 1.400
(-6.433 ) (-2.638)
Egypt 0.978 1.011
(-0.701 ) (-0.31) j
El Salvador 1.303 0.601
(-1.349) (-4.087)
Ethiopia -0.001 -2.75
(-52.488) i (-0.749 )
Gabon -0.002 0.187
(-10.999) (-0.888 )
Ghana 1.600 0.410
(-1.939) (-7.054)
Gibraltar 0.338 2.656
(-18.628 ) (-5.777)
Guatemala 0.793 0.915
(-1.236) (-0-412) j
Haiti 0.783 0.337
(-0.698 ) (-3.003 )
Honduras -0.287 -0.190
(-3.821 ) (-4.869 )
Hong Kong 1.110 0.748
(-0.926) (-2.755)
230
Table 5.4 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
India 0.506 1.889
(-11.740) (-5.353)
Indonesia 1.643 0.540
(-4.689) (-9.704)
Iran -0.068 -0.415
(-6.787 ) (-2.273 )
Iraq -1.518 -0.184
(-3.021 ) (-16.566 )
Israel 1.105 0.886
(-1.419) (-1.874)
Jamaica 0.189 1.798
(-9.230 ) (-1.181)
Jordan 0.545 1.628
(-6.322) (-3.183)
Kenya -0.009 -2.502
(-38.009 ) (-0.914)
Kuwait 1.312 0.238
(-0.757) ( -7.403 )
Lebanon 0.805 0.779
(-1.342) (-1.519 )
Libya -0.793 -0.595
(-5.905) (-9.734)
Malaysia 0.896 1.094
(-3.200 ) (-2.395)
Malta 1.651 0.545
(-2.723) (-5.576 )
Morocco 0.775 1.059
(-1.923 ) (-0.362)
Mozambique 0.161 3.258
(-18.410) (-2.034)
Myanmar 0.173 2.676
(-11.664) (-1.694)
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Table 5.4 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Nepal 0.857 0.689
(-0.654) (-1.616)
Nicaragua 2.908 0.306
(-5.717) (-18.803 )
Nigeria -0.015 -1.184
(-30.472) (-0.748 )
Oman 0.257 3.206
(-18.851 ) (-4.899) |
Pakistan 0.470 1.972
(-10.584 ) (-4.622)
Panama 1.086 0.581
(-0.315) (-2.663 )
Paraquay 0.925 0.591
(-0.335) (-2.223)
People Rep. of China 2.061 0.454
(-7.548) (-16.904)
Peru 0.437 1.367
(-4.907 ) (-1.216)
Philippines 0.113 0.440
(-6.033 ) (-0.885)
Qatar -0.804 -0.31 i
( -5.682 ) (-8.779 )
Romania 0.159 0.523
j (-4.816) (-0.875)
Saudi Arabia -0.142 -1.343
(-10.705) (-4.044)
Senegal 0.035 0.304
(-24.512 ) (-0.315)
Singapore 0.998 0.955
(-0.026) (-0.859 )
Sri Lanka 2.968 0.315
(-7.327) (-23.236)
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T able 5.4 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Sudan 0.240 3.179
(-17.464) ] (-3.460)
Taiwan 1.595 0.611
(-5.554) (-9.382)
Tanzania 0.016 6.680
(-84.774) (-0.755)
Thailand 1.118 0.843
(-1.432) (-2.512)
Togo -0.301 -1.361
( -10.387 ) (-5.341 )
Trinidad Tobago 0.077 1.859
(-13.183) ' (-0.629)
Tunisia 0.667 I 1.450
(-10.395) (-6.580)
United Arab Emirates -0.782 -0.851
(-11.172) (-10.550)
Uruguay 1.048 0.328
(-0.116) (-4.592)
Venezuela -0.124 -0.414
( -3.844) (-5.948 )
Vietnam 0.360 2.350
(-9.993 ) (-3.550)
Yemen 0.864 1.019
(-1.946) (-0.200)
Zambia -0.212 -0.772
(-8.269 ) (-3.042)
Zimbabwe -0.013 0.195
I (-15.430 ) (-0.642 )
Panel group FMOLS 
without time dummies
0.520 
( -74.307 )
0.659 
(-23.941 )
t-statistics are in parentheses.
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Table 5.5 : FM O LS results for mid-dev. countries 
for the period 1971-2003 (Energy &  GDP)
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Bulgaria -0.198 -0.208
(-4.178) (-3.555)
Libya -0.793 -0.595
(-5.905) (-9.734 )
Malaysia 0.896 1.094
(-3.200 ) (-2.395)
Panama 1.086 0.581
(-0.315) (-2.663 )
Albania 0.106 1.408
(-9.842 ) -0.459
Venezuela -0.124 -0.414
(-3.844) (-5.948 )
Romania 0.159 0.523
(-4.816) ( -0.875)
Brazil 1.164 0.704
(-0.675) (-2.320 )
Colombia 1.489 0.454
(-1.509) (-4.968 )
Oman 0.257 3.206
(-18.851 ) (-4.899)
Thailand 1.118 0.843
(-1.432) (-2.512)
Saudi Arabia -0.142 -1.343
(-10.705) (-4.044 )
Jamaica 0.189 1.798
(-9.230 ) (-1.181)
Lebanon 0.805 0.779
(-1.342) (-1.519)
Philippines 0.113 0.440
(-6.033) (-0.885)
Peru 0.437 1.367
(-4.907) (-1.216)
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Table 5.5 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Turkey 1.143 0.870
(-3.907) (-4.724)
Paraquay 0.925 0.591
(-0.335) ] (-2.223 )
Jordan 0.545 1.628
(-6.322) (-3.183)
Tunisia 0.667 1.450
(-10.395) (-6.580)
People Rep. of China 2.018 0.465
(-7.558) (-16.536)
Sri Lanka 2.968 0.315
(-7.327) (-23.236)
Dominican Republic 1.088 0.663
(-0.396) (-2.281 )
Ecudor 0.615 1.400
(-6.433 ) (-2.638)
Iran -0.068 -0.415
(-6.787) (-2.273)
El Salvador 1.303 0.601
(-1.349) (-4.087 )
Algeria 0.178 1.592
(-13.682) (-0.505)
Indonesia 1.643 0.540
(-4.689) (-9.704)
Vietnam 0.360 2.350
(-9.993) (-3.550)
Bolivia 0.012 -0.051
(-8.424) (-1.255)
Honduras -0.287 -0.190
( -3.821 ) (-4.869 )
Nicaragua 2.908 0.306
(-5.717) (-18.803 )
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Table 5.5 continued
Countries Y equation Energy equation
Cofficient of Energy Cofficient of Y
Egypt 0.978 1.011
(-0.701 ) (-0.310)
Guatemala 0.793 0.915
(-1.236) (-0.412)
Gabon -0.002 0.187
( -10.999 ) (-0.888 )
Morocco 0.775 1.059
(-1.923) (-0.362)
India 0.506 1.889
(-11.740) (-5.353)
Ghana 1.600 0.410
(-1.939) (-7.054)
Myanmar 0.173 2.676
(-11.664) (-1.694)
Bangladesh 1.200 0.797
(-3.742) (-5.598 )
Sudan 0.240 3.179
(-17.464) (-3.460)
Nepal 0.857 0.689
(-0.654) (-1.616)
Cameroon -0.046 -1.170
(-15.486) (-1.530 )
Panel group FMOLS 
without time dummies
0.690 
(-27.504)
0.800 
(-16.520 )
t-statistics are in parenthesis.
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Table 5.7 : Summary of integration, cointegration and causality results
for all panel groups (Energy and GDP)
C ountry 
(B a la n ce  P a n e l)
Stag e l:
In te g ra tio n
Stage2:
C o in te g ra tio n
Stage3:
C a u sa lity
E — Y
(i)
Y — E
0 0
E — Y
(iii)
E —Y
(iv)
I. O E C D  (30) V V
II . N o n -O E C D  (78) V V V
III . H ig h  (45) V V
IV . M id  (43) J V V
V. L ow  (17) j V
T a b l e  5 . 8  : S u m m a r y  o f  p a n e l  c a u s a l i t y  r e s u l t s  o f  p r e v i o u s  s t u d i e s  a n d  
t h i s  s t u d y
C ountries Previous studies Methodology Period Conclusion This study
LDC
18 countries31 L ee (2005) Panel unit root (LLC, IPS,Hadri), 
Panel cointegration, FMOLS 
(Pedroni),
Panel causality (Granger, EG).
1971-2002 E— Y E—Y
6 GCC countries b/ Al-Iriani (2006) Panel unit root (IPS),
Panel cointegration (Pedroni), 
Panel causality (Granger, GMM).
1971-2002 Y—E E—Y
al T h is includes South K orea, S ingapore, H ungary , A rgentina, Chile, Colom bia, M exico, Peru, V enezuela, 
Indonesia, M alaysia, Philippines, T hailand , India, Pakistan, Sri Lanka, G hana and K enya, 
b/ T his com prises six  G u lf  States: B ahrain, K uw ait, Om an, Q atar, Saudi A rab ia  and the U nited  A rab Em irates 
(U A E).
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Causality between ‘Electricity consumption and GDP’ and 
‘Petroleum consumption and GDP5: A panel data approach 1
6.1 Introduction
This chapter aims to test the causal relationship between ‘electricity consumption and 
G D P ’ and ‘petroleum consumption and G D P ’ in the panel context.
The chapter makes two contributions to the causality literature. Firstly, this study provides 
causality testing in the panel context which is new to the literature. Secondly, this study 
covers a larger number o f O EC D  and non-OECD countries and as far as it is known, is the 
first attempt to test causality between disaggregated energy and economic growth in 
different panel groups o f countries. The countries are also classified based on Human 
Development Index (H D I) into three different panel groups, high, mid and low 
development countries.
In  this chapter the same methodology and data definition as used in the previous chapter 
have been utilised. The main part o f this chapter w ill start w ith a description o f the data 
used in the models and is then followed by the results and discussion, w ith a summary and 
conclusion at the end.
6.2 Data
The analyses in this chapter are carried out on 30 O EC D  countries and-78 non-OECD 
countries for the time period ranging from 1971-2003. A ll data comes from the same 
source: IE A  Energy Statistics (2005) for O EC D  and non-OECD countries.
For each country ‘E le c ’ is Final Electricity Consumption and ‘Petro’ is Final Petroleum 
consumption. Both are measured in thousand tonnes o f oil equivalent (ktoe) divided by 
population. Y  is real G D P in U S  dollars using Purchasing Power Parities (PPPs ) divided by
1 A  sum m ary o f  the results from  this chap ter has b een  accep ted  to be presen ted  in  the 27 th U SA E E/IA E E  
N orth  A m erican C onference on  ‘D evelop ing  &  D elivering  A ffordable Energy in the 21st C en tury’ in 
H ouston, U SA , 16-19 Septem ber 2007.
C h a p ter  6
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population.
This chapter w ill also re-classify countries based on the H D I 20022 in order to generate a 
clearer distinction between developed and developing countries. The lists o f the 
OECD/non-OECD countries and the classification o f the countries according to the H D I 
are shown in Table 3.1 and Table 3.2 in Chapter 3. F ive  balanced panel data sets are 
provided for the group o f ‘electricity’ and the group o f ‘petroleum’ based on the same 
framework as used in Chapter 5.
6.3 Results for the case o f ‘E le c tric ity  consum ption and G D P ’ 3
The results o f a ll panel estimations for both the OECD/Developed and the non 
OECD/Developing countries are presented in Table 6 3 -6  J  w ith a summary given in Table 
6.14
6.3.1 Panel unit root test
Table 6.3 presents the results o f the panel unit root test for 6 panel data sets. A t 5%  
significant level, the series o f E lec and Y  for all groups are generally found to be 1(1) based 
on the L L C  test and IP S  test.
6.3.2 Panel Cointegration test
Table 6.4 reports the panel cointegration estimation results. These results are sim ilar to the 
results for the case o f aggregate energy in the previous chapter. The evidence o f panel 
cointegration between Elec and Y  is found in the group o f non-OECD countries (panel data 
set II)  and the group o f mid-development countries (panel data set IV ) at 5 %  significance 
level.
6.3.3 P F M O L S  estim ation4
For the panel group o f non-OECD countries and the panel group o f mid-development 
countries where cointegration were found, the long-run relationship w ill be estimated using
2 H um an D evelopm ent R eport 2004.
3 All estim ation w as done using  E V IE W S 5.1 and  R A T S 5.0.
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PFM O LS . Table 6.5 and table 6.6 report the results o f the individual and panel FM O LS  for 
the non-OECD group (panel data set II)  and mid-development group (panel data set IV ). 
The panel estimators w ith and without common time dummies are shown at the bottom o f 
the tables. In  both tables, the coefficients o f E  in Y  equation and coefficients o f Y  in E  
equation are statistically significant at the 1%  level.
6.3.4 Panel causality test
W hen undertaking the testing procedure as outlined in Figure 5.1 in Chapter 5, there are 
four possible outcomes from the tests for causality:5
i. E lec Granger causes Y ,
ii. Y  Granger causes Elec,
iii. E lec Granger causes Y  and Y  Granger causes Elec,
iv. No Granger-causality exists.
Cases i) and ii) represent uni-directional (i.e. one w ay without feedback) causality and case 
iii) represents bi-directional causality (i.e. both ways w ith feedback).
The causality results are shown in the Table 6.1 below and see also in the Table 6.7.
Tab le 6.1: D irection  of causality results fo r a ll panel groups (E le c tric ity  and G D P )6
C ountry 
(B a la n ce  P a n e l)
C ausality 
(E le c tr ic ity  a n d  G D P )
E lec—>Y 
(i)
Y — E lec 
(«)
E lec— Y 
(iii)
E lec— Y 
(iv)
I. O E C D  (30) V
II. N o n -O E C D  (78) V
I I I .  H ig h  (45) V
IV . M id  (43) V
V. L ow  (17) V
4 FM O L S is estim ated  using  the softw are  p rogram  R A T S 5.0.
5 T h is fram ew ork  is a lso  app lied  fo r the  case o f  pe tro leum  presen ted  in the follow ing section.
6 T he  sum m ary results in T ab le  6.1 a re  derived  from  the resu lts from  the causality  estim ation equations in  
T ab le  6 .7 .
241
Table 6.1 summarises the overall results where some form o f causality exists in either 
direction or both directions (case i, ii and iii) and no causality (case IV ). Unlike the results 
o f the case o f aggregate energy in the previous chapter, Table 6.1 shows that, based on 
OECD/non-OECD classification, both panel O EC D  (30) group (panel data set I) and non- 
O EC D  (78) group (panel data set I I)  yield evidence o f bi-directional causality. According 
to the H D I classification, evidence o f bi-directional causality is found in the panel high 
(45) and mid-development (43) groups (panel data set H I and IV ) whereas, surprisingly, 
causality is not detected in any direction in the panel low-development (17) group (panel 
data set V I).
The 5 %  and 10% significance levels o f the causality results from the causality testing are 
shown in Table 6.7. The standard Granger causality test is undertaken for the O EC D  
groups (panel set I), high-development group (panel set I I I )  and low  development group 
(panel set V ). Causality is tested on the dynamic EC M  for the two panel groups; non- 
O EC D  group (panel data set I I)  and mid-development group (panel data set IV ) where 
cointegration is found.7
The results show evidence o f bi-directional causality between Elec and Y  for the m ajority 
o f the panel groups: O EC D  (30) and high-development (45) groups (where cointegration is 
not found), non-OECD (78) and mid-development (43) groups (where cointegration is 
detected). However causality is not found in the low-development (17) group. The results 
suggest that there is mutual interdependence o f electricity and the economy in a ll panel 
groups, whereas electricity consumption seems to be neutral to G D P in low-development 
countries.
6.4 Results fo r the case o f ‘Petroleum  consumption and G D P ’ 8
The results o f all panel estimations for both OECD/Developed and non OECD/Developing 
countries are presented in Table 6.8-6.13 with a summary given in Table 6.15.
7 A lthough  no prev ious panel co in teg ra tion  stud ies o f  E lectricity-G D P causality  p resen t diagnostic  tests for 
the estim ated ‘G ranger cau sality ’ equations, a sum m ary table fo r the equations p resen ted  here are p resen ted  
and d iscussed  in  the A ppendix.
8 A ll estim ation w as done using  E V IE W S 5.1 and R A TS 5.0.
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6.4.1 Panel unit root
Table 6.8 presents the results o f panel unit root test for 5 panel data sets. Sim ilar to the 
cases o f aggregate energy and electricity, the series o f Petro and Y  for a ll groups are 
generally found to be 1(1) at 5 %  significance level based on the L L C  test and IP S  test.
6.4.2 Panel Cointegration
Table 6.9 reports the panel cointegration estimation results. Sim ilar to the cases o f 
aggregate energy and electricity, evidence o f panel cointegration between Petro and Y  are 
found in the group o f non-OECD countries (panel data set II), mid-development countries 
(panel data set IV ) at 5 %  significance level. However, surprisingly, cointegration is found 
in the low-development countries (panel data set V ) at 5 %  significance level in the 
petroleum case while it is not detected in the case o f aggregate energy and in the case o f 
electricity.
6.4.3 P F M O L S  estim ation9
For the panel group o f non-OECD countries, the panel group o f mid-development countries 
and the panel group o f low-development countries where cointegration is found, the long- 
run relationship w ill be estimated using PFM O LS . Tables 6.10 and 6.11 report the results 
o f the individual and panel FM O LS  for non-OECD group (panel data set II), mid­
development group (panel data set IV ) and low-development group (panel data set V ).
6.4.4 Panel causality test
Causality between petroleum and G D P is undertaken using the same framework as shown 
in the electricity section (6.3.4). The summary result o f causality direction is presented in 
Table 6.2 below.
Table 6.2 summarises the overall results where some form o f causality exists in either 
direction or both directions (case i, ii and iii). Sim ilar to the case o f aggregate energy in 
Chapter 5, the results show that both O EC D  (panel group I) and non-OECD (panel group
9 FMOLS is estimated using the software program RATS 5.0.
243
I I)  present evidence o f bi-directional causality. This is supported by the results according to 
the H D I classification which yield evidence o f bi-directional causality in all panel H D I 
groups, high, mid, and low development groups (panel group III, fV  and V ).
Tab le 6.2: D irection o f causality results for a ll panel groups (Petro leum  and G D P )10
C ountry
(B a la n ce  P a n e l)
C ausality 
(P e tro le u m  a n d  G D P )
P e tro — Y  
(i)
Y — P e tro  
(ii)
P e tro — Y 
(iii)
P e tro — Y
(iv)
I . O E C D  (30) V
I I .  N o n -O E C D  (78) V
I I I .  H ig h  (45) V
IV . M id  (43) V
V. L ow  (17) V
The significance level o f the causality results from the causality testing is shown in Table 
6.13. Unlike the results o f the case o f electricity but sim ilar to the case o f aggregate energy, 
a panel groups show evidence o f bi-directional between Petro and Y  at 5%  significance 
levels. The standard Granger causality test was undertaken for the two panel country 
groups (panel data set I  and III), where cointegration was not found while causality was 
tested on the dynamic E C M  for the remaining three panel country groups; non-OECD 
countries (panel data set II), mid-development countries (panel data set IV ) and low- 
development countries (panel data set V ), where cointegration was detected.11
The results show evidence o f bi-directional causality between petroleum and G D P at less 
than 5 %  significance levels for all panel groups. This implies that there is mutual 
interdependence o f petroleum consumption and the economy in both OECD/developed
10 T he sum m ary resu lts in T ab le  6.2 are  derived  from  the results from  the causality  estim ation  equations in 
T ab le  6 .13.
11 A lthough no  p rev ious panel co in tegration  studies o f  Petro leum -G D P causality  p resen t diagnostic  tests for 
the estim ated ‘G ranger causality ’ equations, a sum m ary table  for the equations p resen ted  here are presen ted  
and d iscussed  in the A ppendix.
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country group and non-OECD/developing country group. Therefore lim iting energy use 
(e.g. through energy conservation) would hamper economic growth in these countries.
It is noted that, as far as it is known, there are no studies investigating causality between 
disaggregate energy and economic growth in the panel context. Therefore the results o f this 
study cannot be compared w ith the results o f previous panel studies. However, they could 
be compared w ith the time series results in Chapter 4. This w ill be discussed in the next 
chapter.
6.5 Sum m ary and Conclusion
This chapter has em pirically investigated the causal relationship between 
electricity/petroleum consumption and economic growth in the panel context for the panel 
30 O EC D  countries and panel 78 non-OECD countries. Panel causality tests were 
systematically performed using recently developed techniques. L ike  before, in order to tiy  
to generate a clearer distinction between developed and developing countries, the H D I has 
been adopted to categorise the countries into three panel groups, high, mid and low 
development countries. The same methodology and data source as in Chapter 5 has been 
adopted for the analysis in this chapter.
The results in the case o f ‘electricity’ show the evidence o f bi-directional causality between 
electricity and G D P  in O EC D , non-OECD, high and mid development groups and no 
causality in low  development group. The results im ply that electricity is likely to be a 
lim iting factor to economic- growth in O EC D  countries w hile it is not the case for low  
development countries12. However, there are inter-dependencies between electricity and 
G D P  in non-OECD, high and mid development groups.
The results in the case o f ‘petroleum’ show evidence o f bi-directional causality between 
petroleum and G D P in all panel groups. This implies that there is a mutual interdependence 
between petroleum and the economy in both developed and developing groups o f 
countries. This refutes the neutrality hypothesis for the energy-income relationship. Hence
12 T his m ight suggest that consum ers in the poorest o f  nations still re ly  on p rim itive  energy sources such as 
b iom ass, w ood , etc. so that m ore conventional advanced  sources, such as e lectricity  are very  lim ited.
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a lim iting o f petroleum use (e.g. through energy conservation) would hamper economic 
growth in these countries.
The next chapter w ill summarise and conclude the complete thesis. It w ill answer the 
research questions, provide general policy implications and suggest a proposal for further 
research.
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Table 6.5 : FMOLS results for non-OECD countries
for the period 1971-2003 (Electricity & GDP)
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
Albania 0.449 1.970
(-13.040 ) (-5.078)
Algeria 0.111 2.158
(-20.422 ) (-0.635)
Angola 0.146 0.685
(-6.982 ) (-0.526)
Argentina 0.160 2.643
(-12.272) (-2.025)
Bahrain 0.365 1.881
(-7.669) (-1.657)
Bangladesh 0.208 4.093
(-37.604 ) (-6.986)
Benin 0.141 4.533
(-24.621 ) (-3.462)
Bolivia 0.030 I 0.815
(-12.245 ) (-0.140 )
Brazil 0.293 3.090
(-23.165) (-5.506)
Brunei -0.262 -3.360
(-40.140 ) (-10.924)
Bulgaria 0.850 0.575
(-0.535) (-2.583 )
Cameroon 1.021 0.480
(-0.066) (-3.153)
Chile 0.716 1.326
(-7.301 ) (-5.024)
Colombia 0.518 1.850
(-19.279) (-10.039)
Congo 0.347 1.018
(-4.726) (-0.041)
Congo Republic 0.870 1.029
(-1.709) (-0.277)
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Table 6.5 continued
Countries Y equation \ Electricity equation
Cofficient of Electricity Cofficient of Y
Costa Rica 0.416 2.099
(-7.954) j (-2.953)
Cote d'Ivoire -0.334 | -0.370
(-4-906) j (-4.500 )
Cuba j 0.564 1.160
(-3.047 ) (-0.590)
Cyprus 0.876 1.136
(-3.458 ) (-3.007)
Dominican Republic 0.817 1.197
(-2.089) (-1.476)
Ecuador 0.179 3.803
(-26.549 ) ‘ (-3.140)
Egypt 0.549 1.782
(-15.665) (-8.099)
El Salvador 0.055 0.293
( -8.376 ) (-0.746)
Ethiopia -0.066 -0.550
( -6.368) ( -2.927)
Gabon -0.046 -0.812
(-15.328 ) (-1.679)
Ghana - :  0.253 1.240
(-8.110) (-0.451)
Gibraltar 0.570 1.658
(-11.776) (-6.127)
Guatemala 0.124 3.672
(-17.475) (-2.200)
Haiti 0.180 0.451
( -4.524) (-1.071)
Honduras 0.064 4.344
( -27.037 ) (-1.618)
Hong Kong 0.850 1.168
( -9.822) (-7.933)
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Table 6.5 continued
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
India 0.585 1.503
(-9.463) (-4.300)
Indonesia 0.373 2.638
(-46.957 ) j (-16.732)
Iran -0.056 -1.183
(-11.518) (-2.205)
Iraq -0.872 -0.338
( -3.971 ) (-10.922)
Israel 0.534 1.833
(-25.842 ) (-13.562)
Jamaica 0.054 6.057
* ( -34.561 ) (-2.242)
Jordan 0.151 4.316
(-21.888) (-3.494)
Kenya 0.183 2.127
(-12.273 ) (-1.380)
Kuwait -0.378 -0.605
(-6.820) (-4.082)
Lebanon 0.238 0.964
(-6.130 ) (-0.087 )
Libya : -0.649 -1.124
( -12.383 ) (-9.513 )
Malaysia 0.553 1.786
(-31.138 ) (-16.667)
Malta 0.916 1.044
(-1.322) (-0.593)
Morocco 0.398 2.495
(-28.212 ) (-10.305)
Mozambique 0.268 2.177 i
(-10.932 ) 9-2.417)
Myanmar 0.496 1.674
(-6.372 ) (-2.801)
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Table 6.5 continued
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
Nepal 0.233 3.696
(-33.943 ) (-7.571)
Nicaragua 2.044 0.211
(-1.575) ] (-10.663 )
Nigeria -0.153 j -1.637
(-12.700) (-3.642 ) |
Oman 0.147 5.728
(-40.055) (-6.330)
Pakistan 0.500 1.939
(-29.424) (-14.569)
Panama 0.465 2.002 |
(-7.904) (-3.625) i
Paraquay 0.178 3.394
(-21.464) (-2.413)
People Rep. of China 1.204 0.822
(-4.885) (-6.214)
Peru -0.192 -0.372
(-5.972) (-3.019)
Philippines 0.147 1.512
(-9.032) (-0.621)
Qatar -0.549 -0.828 |
(-8.131 ) (-7.418 )
Romania 0.510 0.822
(-2.612) (-0.559 )
Saudi Arabia -0.185 -2.697
(-22.705) (-6.601 )
Senegal -0.069 -0.280
(-13.398 ) (-1.234)
Singapore 0.784 1.242
(-10.112) (-7.345)
Sri Lanka 0.635 1.575
(-41.322) (-26.218)
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Table 6.5 continued
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
Sudan 0.596 1.311
(-3.481 ) (-1.230) |
Taiwan 0.894 1.099
(-5.125) (-3.881)
Tanzania 0.021 0.512
(-15.169) (-0.332 ) !
Thailand 0.598 1.685 I
(-28.901 ) (-17.380) j
Togo -0.192 -0.799
(-8.951 ) (-3.308 )
Trinidad Tobago 0.166 1.950 j
(-11.438) (-0.733)
Tunisia 0.397 2.369
( -20.429) (-7.144) !
United Arab Emirates -0.476 -1.343
( -14.676) (-9.316) |
Uruguay 0.369 2.444
(-13.067) (-4.567)
Venezuela -0.227 -2.591
(-20.972) (-6.896 )
Vietnam 0.466 2.097
(-28.898 ) (-13.822)
Yemen 0.609 1.411
(-6.130 ) (-2.414)
Zambia 0.768 1.181
(-3.246 ) (-1.663)
Zimbabwe -0.036 0.096
(-3.298 ) (-3.638 )
Panel group FMOLS 
without time dummies
0.301 
(-125.683 )
1.295 
(-17.714) !
t-statistics are in parentheses.
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Table 6.6 : FM OLS results for mid-dev. countries
for the period 1971-2003 (Electricity & GDP)
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
Bulgaria 0.850 0.575
(-0.535) (-2.583 )
Libya -0.649 -1.124
(-12.383 ) (-9.513 )
Malaysia 0.553 1.786
(-31.138) (-16.667)
Panama 0.465 2.002
(-7.904) (-3.625)
Albania 0.449 1.970
(-13.040) (-5.078)
Venezuela -0.227 -2.591
(-20.972) (-6.896 )
Romania 0.510 0.822
(-2.612) (-0.559 )
Brazil 0.293 3.090
(-23.165) (-5.506)
Colombia 0.518 1.850
(-19.279) (-10.039)
Oman 0.147 5.728
(-40.055) (-6.330)
Thailand 0.598 1.685
(-28.901 ) (-17.38)
Saudi Arabia -0.185 -2.697
(-22.705 ) (-6.601 )
Jamaica 0.054 6.057
(-34.561 ) (-2.242)
Lebanon 0.238 0.964
(-6.130) (-0.087 )
Philippines 0.147 1.512
(-9.032) (-0.621)
Peru -0.192 -0.372
(-5.972 ) (-3.019 )
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Table 6.6 continued
Countries Y equation Electricity equation
Cofficient of Electricity Cofficient of Y
Turkey 0.328 3.1411
(-39.317) (-12.512)
Paraquay 0.178 3.394
(-21.464) (-2.413)
Jordan 0.151 4.316
(-21.888) (-3.494)
Tunisia 0.397 2.369
(-20.429 ) (-7.144)
People Rep. of China 1.204 0.822
(-4.885) (-6.214)
Sri Lanka 0.635 1.575 |
(-41.322) (-26.218)
Dominican Republic 0.817 1.197
(-2.089) (-1.476) !
Ecudor 0.179 3.803
(-26.549) (-3.140)
Iran -0.056 -1.183
(-11.518) (-2.205)
El Salvador 0.055 0.293
(-8.376) (-0.746 )
Algeria 0.111 2.158
(-20.422 ) (-0.635)
Indonesia 0.373 2.638
(-46.957 ) (-16.732)
Vietnam 0.466 2.097
(-28.898 ) (-13.822)
Bolivia 0.030 0.815
(-12.245) (-0.140 )
Honduras 0.064 4.344
(-27.037) (-1.618)
Nicaragua 2.044 0.211 \
(-1.575) (-10.663 )
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Table 6.6 continued
Countries Y equation Eiectricity equation
Cofficient of Electricity Cofficient of Y
Egypt 0.549 1.782
(-15.665) (-8.099)
Guatemala 0.124 3.672
( -17.475) (-2.200)
Gabon -0.046 -0.812
(-15.328 ) (-1.679)
Morocco 0.398 2.495
(-28.212) (-10.305)
India 0.585 1.503
(-9.463) (-4.300)
Ghana 0.253 1.240
(-8.110) (-0.451)
Myanmar 0.496 1.674
(-6.372) (-2.801)
Bangladesh 0.208 4.093
(-37.604) (-6.986)
Sudan 0.596 1.311
( -3.481 ) (-1.230)
Nepal 0.233 3.696
(-33.943 ) (-7.571)
Cameroon 1.021 0.480
(-0.066) (-3.153 )
Panel group FMOLS 
without time dummies
0.348
(-118.342)
1.730
(-22.353)
t-statistics are in parenthesis.
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Table 6.10 : FMOLS results for non-OECD countries
for the period 1971-2003 (Petroleum & GDP)
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Albania ) 0.321 1.468
(-6.944) j (-1.063)
Algeria 0.361 1.542
(-9.143) (-0.976)
Angola j 0.051 0.173
(-5.724) (-1.939 ) «
Argentina 0.040 0.111
(-5.071 ) (-1.820)
Bahrain 0.400 0.315
(-2.254 ) (-2.342)
Bangladesh 0.516 1.637
(-10.267) (-3.838)
Benin 0.090 4.092
(-26.822 ) (-1.791)
Bolivia 0.254 0.982
(-5.225) (-0.036)
Brazil 0.594 0.978
(-2.031 ) (-0.085 )
Brunei -0.305 -1.577
(-13.441 ) (-5.971 )
Bulgaria -0.468 -0.864
(-10.020) (-4.917)
Cameroon 0.693 0.861
(-1.635 ) (-0.517)
Chile 1.337 0.683
(-2.158) (-4.003 )
Colombia 1.072 0.341
(-0.200) (-3.961 )
Congo -0.273 -1.257
(-10.632) (-4.003)
Congo Republic 1.083 0.846
(-0.895) (-1.897)
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Table 6.10 continued
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Costa Rica 0.497 1.773
(-8.238 ) (-3.204)
Cote d'Ivoire 0.502 1.896
(-12.340) (-5.859)
Cuba 0.112 0.666
(-7.626 ) (-0.395)
Cyprus 1.191 0.837
(-4.196) (-4.987 )
Dominican Republic 0.654 1.376
(-4.373 ) (-2.083)
Ecuador 0.328 2.743
(-26.715) (-7.353) j
Egypt 1.254 0.739
(-2.668) (-4.515)
El Salvador 0.166 1.017
(-6.884) (-0.024)
Ethiopia -0.045 -0.310
(-8.675) (-1.760)
Gabon 0.249 1.385
(-6.825) (-0.727)
Ghana 0.613 1.182
(-3.634) (-0.853)
Gibraltar 0.319 2.784
(-19.286) (-5.642)
Guatemala 0.219 2.734
(-12.351 ) (-1.996)
Haiti -0.315 -0.949
(-7.478) (-5.115)
Honduras 0,202 1.373
(-7.767) (-0.557)
Hong Kong 1.178 0.584
(-0.919) (-3.452 )
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Table 6.10 continued
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
India 0.811 1.187
(-5.256) (-3.354)
Indonesia 0.972 0.963
(-0.401 ) (-0.520 )
Iran -0.092 -0.381
(-4.294) (-4.061 )
Iraq -0.976 -0.190
(-2.576 ) (-13.123)
Israel 1.658 0.580
(-4.074) (-7.073 )
Jamaica 0.048 0.902
(-10.989 ) (-0.094)
Jordan 0.627 1.459
(-5.950 ) (-3.521)
Kenya -0.104 -0.275
(-9.411 ) (-1.616)
Kuwait -0.997 -0.374
(-5.140 ) (-8.750 )
Lebanon 0.911 0.725
(-0.609) (-2.181 )
Libya -0.828 _  -0.577
(-5.895) (-9.621 )
Malaysia 1.051 0.957
(-1.322) (-1.239)
Malta 1.817 0.408
(-2.073) (-6.580 )
Morocco 0.764 0.794
(-1.171 ) (-0.921 )
Mozambique 0.542 0.311
(-1.142) (-3.627)
Myanmar 0.061 -0.132
(-3.927 ) (-2.690 )
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Table 6.10 continued
i Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y j
Nepal 0.270 3.471 j
(-42.687 ) (-11.172)
Nicaragua 1.492 0.509
(-1.907) (-5.139)
Nigeria -0.070 -1.234
(-10.877) (-3,185)
Oman 0.289 2.553
(-12.396) (-3.319)
Pakistan j 1.099 0.862
(-1.405) (-2.477 )
Panama 0.691 0.885
(-1.694) (-0.457 ) !
Paraquay 0.304 1.680
(-8.663 ) (-1.261)
Peopie Rep. of China 1.659 0.606
(-5.826) (-10.163)
Peru 0.584 1.016
{ -2.963 ) (-0.069)
Philippines 0.034 0.464
(-11.049) (-0.496)
Qatar . - -0.457 -0.754
(-7.310) (-6.606 )
Romania -0.101 -0.009
( -5.202 ) ( -2.216 )
Saudi Arabia -0.122 -0.713
( -7.293 ) ( -3.225)
Senegal 0.225 1.727
(-9.516) (-1.112)
Singapore 1.041 0.903
(-0.548) (-1.590)
Sri Lanka 1.017 0.750
(-0.091) (-1.722)
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T able 6.10 continued
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Sudan -0.526 -0.554
(-6.663) (-6.168)
Taiwan 1.249 0.793
(-3.448) (-4.721 )
Tanzania 0.148 2.333
(-14.595 ) (-1.434)
Thailand 1.016 0.938
(-0.232) (-0.985 )
Togo -0.075 -1.505
(-15.722 ) (-2.164)
Trinidad Tobago 0.467 0.619
(-2.332 ) (-1.333 )
Tunisia 1.110 0.820
(-1.373) (-3.081 )
United Arab Emirates -0.100 -0.517
(-5.001 ) (-4.215)
Uruguay j 0.015 0.056
(-3.450 ) (-2.646 )
Venezuela 0.106 -0.022
(-2.130) (-4.894)
Vietnam 0.379 1.359
(-4.545 ) (-0.914)
Yemen 0.843 1.045
(-2.361 ) (-0.484)
Zambia 0.510 1.843
(-14.600 ) (-6.834)
Zimbabwe 0.416 1.285
(-5.074) (-1.033)
Panel group FMOLS 
without time dummies
i 0.419 
! (-52.192)
0.740 
(-12.548 )
t-statistics are in parentheses.
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Table 6.11 : FMOLS results for mid-dev. countries
for the period 1971-2003 (Petroleum & GDP)
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Bulgaria -0.468 -0.864
(-10.020) (-4.917)
Libya -0.828 -0.577
(-5.895) (-9.621 )
Malaysia 1.051 0.957
(-1.322) (-1.239)
Panama 0.691 0.885
(-1.694) (-0.457)
Albania 0.321 1.468
(-6.944) (-1.063)
Venezuela 0.106 -0.022
(-2.130) (-4.894)
Romania -0.101 -0.009
(-5.202) (-2.216 )
Brazil 0.594 0.978
(-2.031 ) (-0.085 )
Colombia 1.072 0.341
(-0.200) (-3.961 )
Oman 0.289 2.553
(-12.396) (-3.319)
Thailand 1.016 0.938
(-0.232) (-0.985 )
Saudi Arabia -0.122 -0.713
(-7.293) (-3.225 )
Jamaica 0.048 0.902
(-10.989) (-0.094 )
Lebanon 0.911 0.725
(-0.609) (-2.181 )
Philippines 0.034 0.464
(-11.049) (-0.496)
Peru 0.584 1.016
( -2.963) (-0.069)
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Table 6.11 continued
Countries j Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Turkey 1.012 0.886
(-0.121) (-1.368)
Paraquay 0.304 1.680
(-8.663) (-1.261)
Jordan 0.627 1.459
(-5.950 ) (-3.521)
Tunisia 1.110 0.820
-1.373 (-3.081 )
People Rep. of China 1.659 0.606
(-5.826) (-10.163)
Sri Lanka 1.017 0.750
(-0.091) (-1.722)
Dominican Republic 0.654 1.376
(-4.373) (-2.083)
Ecudor 0.328 2.743
(-26.715) (-7.353)
Iran -0.092 -0.381
(-4.294) (-4.061 )
El Salvador 0.166 1.017
(-6.884) (-0.024)
Algeria 0.361 1.542r i '
(-9.143) (-0.976)
Indonesia 0.972 0.963
(-0.401 ) (-0.520 )
Vietnam 0.379 1.359
(-4.545) (-0.914)
Bolivia 0.254 0.982 j
(-5.225) (-0.036)
Honduras 0.202 1.373
(-7.767 ) (-0.557)
Nicaragua 1.492 0.509 j
(-1.907) (-5-139 ) |
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Table 6.11 continued
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Egypt 1.254 0.739
(-2.668) (-4.515)
Guatemala 0.219 2.734
(-12.351 ) (-1.996)
Gabon 0.249 1.385
( -6.825 ) (-0.727)
Morocco 0.764 0.794
(-1.171 ) (-0.921 )
India 0.811 1.187
(-5.256 ) (-3.354)
Ghana 0.613 1.182
(-3.634) (-0.853)
Myanmar 0.061 -0.132
(-3.927 ) (-2.690 )
Bangladesh 0.516 1.637
(-10.267) (-3.838)
Sudan -0.526 -0.554
(-6.663) (-6.168)
Nepal 0.270 3.471
(-42.687 ) (-11.172)
Cameroon 0.693 0.861
(-1.635) (-0.517)
Panel group FMOLS 
without time dummies
0.478
(-37.187)
0.931
(-4.909 ) j
t-statistics are in parenthesis.
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Table 6.12 : FMOLS results for low-dev. countries
for the period 1971-2003 (Petroleum & GDP)
Countries i Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Pakistan 1.099 0.862
(-1.405) (-2.477)
Togo -0.075 -1.505
(-15.722) j (-2.164)
Congo -0.273 -1.257
(-10.632) (-4.003 )
Zimbabwe j 0.416 1.285
(-5.074) (-1.033)
Kenya -0.104 -0.275
(-9.411 ) (-1.616)
Yemen 0.843 1.045
(-2.361 ) (-0.484)
Nigeria -0.070 -1.234
(-10.877) (-3.185)
Haiti -0.315 -0.949
(-7.478 ) (-5.115)
Senegal 0.225 1.727
(-9.516) (-1.112)
Benin 0.090 4.092
(-26.822) (-1.791)
Tanzania 0.148 2.333
(-14.595 ) (-1.434)
Cote d'Ivoire 0.502 1.896
(-12.340) (-5.859)
Zambia 0.510 1.843
(-14.600) | (-6.834)
Angola 0.051 0.173
(-5.724 ) (-1.939)
Congo Republic 1.083 0.846
(-0.895) (-1.897)
Ethiopia -0.045 -0.310
(-8.675 ) (-1.760)
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Table 6.12 continued
Countries Y equation Petroleum equation
Cofficient of Petroleum Cofficient of Y
Mozambique 0.542 0.311
(-1.142) (-3.627 )
Panel group FMOLS 0.272 0.640
without time dummies (-37.028 ) (-2.240 )
t-statistics are in parenthesis.
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Table 6.14 : Summary of integration, cointegration and causality results
for all panel groups (Electricity and GDP)
Country 
(B a la n ce  P a n e l)
S tag e l:
I n te g ra tio n
Stage2:
C o in te g ra tio n
Stage3:
C a u sa lity
E lec—>Y 
0)
Y —>Elec 
(ii)
Elec<->Y
(iii)
E lec— Y 
(iv)
I. O E C D  (30) a/ a/
II. N o n -O E C D  (78) V a/ 4
i n .  H ig h  (45) a/ V
IV . M id  (43) j a/ V
V . L ow  (17) V
T a b l e  6 . 1 5  : S u m m a r y  o f  i n t e g r a t i o n ,  c o i n t e g r a t i o n  a n d  c a u s a l i t y  r e s u l t s  
f o r  a l l  p a n e l  g r o u p s  ( P e t r o l e u m  a n d  G D P )
C ountry 
(B a la n ce  P an e l)
S tag e l:
In te g ra tio n
Stage2:
C o in te g ra tio n
Stage3:
C a u sa lity
- -
P e tro —>Y
(i)
Y —Jp e tro  
(ii)
I*etro<-+Y
(iii)
P e tro — Y 
(iv)
I. O E C D  (30) V V
II. N o n -O E C D  (78) j V V
I I I .  H ig h  (45) a/ V
IV . M id  (43) a/ V V
V . L ow  (17) V V 4
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C hap ter 7
Summary and Conclusion
7.1 Introduction
This thesis has investigated the causal relationship between energy and economic growth for 
the OECD/developed countries and the non-OECD/developing countries. This fmal chapter 
summarises the analysis and results. The chapter starts with a summary o f the analysis and 
then follows with a summary and comparison o f the estimation results from the two different 
approaches. The chapter then returns to consider the research questions introduced in Chapter 
I. The chapter ends with a brief conclusion and identifies some issues for further research 
based on the lessons from this thesis.
7.2 Sum m ary of the analysis (methodologies)
This thesis uses two Econometric methodologies: causality based on time series data 
(presented and applied in Chapters 3 and 4) and causality based on panel cointegration 
(illustrated and applied in Chapters 5 and 6) to investigate the causal relationship between 
energy consumption and economic growth. Both techniques comprise three main steps. Firstly, 
properties o f the data are analysed based on an A D F unit root test. Secondly, long-run 
relationships between energy and G D P are analysed using a cointegration test. Thirdly, 
causality is then tested in the standard model where cointegration is not found and in the error 
correction model where cointegration is detected.
Since a lack o f consensus (disagreement) about the causal relationship between energy and 
economic growth has emerged from the literature, this thesis therefore systematically tests for 
causality using a consistent methodology and data sets. The data sets were derived from the 
IE A  (2006a) for 30 O EC D  countries for the period 1960/71-2003 and 78 non-OECD countries 
for the period 1971-2003 and represent the developed and developing countries respectively. 
To generate a clearer distinction between developed and developing countries, the H D I (2004)
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has been adopted to categorise the countries into 3 groups, comprising o f 45 high, 43 mid and 
17 low development countries.
The analysis based on the methodologies mentioned above covers the testing o f causality 
between both aggregate energy and the two main components o f energy consumption 
(electricity and petroleum) and economic growth.
7.3 Sum m ary and comparison of estim ation results from  the two approaches
Tables 7.1 -  7.3 present the summary o f the causality results from the approaches used in 
Chapters 3 and 4 and Chapters 5 and 6.
7.3.1 Aggregate energy and G D P
The summary o f causality results for the case o f ‘aggregate energy and G D P ’ is shown in 
Table 7.1. The explanation below is based on the evidence from three types o f causality 
(column 5-7 in Table 7.1) which help to answer the research questions in the next section 
(Section 7.4). The additional final column shows the evidence o f bi-directional causality.
Table 7.1: Causality results (Energy and G D P )
G ro u p A p p ro ach es C o u n trie s Y e a r C a u sa lity 0 E n erg y
causes
G D P d
G D P
causes
Energy*
Bi­
d irec tio n a l
cau sa lity 1
O E C D Tim e series 30 1960/71 ±2003 80% 63% 60% 43%
Panel 30 1971-2003 4 4 4 4
N o n - T im e series 78 1971-2003 71% 50% 45% 24%
O E C D Panel 78 1971-2003 4 4 T  ~ .
H ig h Tim e series 45 1960/7 l b-2003 78% 64% 51% 38%
Panel 45 1971-2003 4 4 4 ' 4
M id T im e series 43 1971-2003 74% 51% 51% 28%
Panel 43 1971-2003 4 4 4 4
L o w Tim e series 17 1971-2003 53% 24% 35% 6%
Panel 17 1971-2003 4 4 4 V
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^  T h e  d a ta  a re  a v a ila b le  f ro m  1 9 7 1 -2 0 0 3  fo r  M e x ic o , S lo v a k ia , K o re a  a n d  a v a ila b le  f ro m  19 6 5 -2 0 0 3  
fo r  H u n g a ry .
b/ T h e  d a ta  a re  a v a ila b le  f ro m  1 9 7 1 -2 0 0 3  fo r  so m e  c o u n tr ie s  in  th is  g ro u p  su c h  a s  A rg e n tin a , B a h ra in , 
B ru n e i, C h ile , C o s ta  R ica , C u b a , C y p ru s , H o n g  K o n g , Is ra e l, K o re a , K u w a it,  M a lta , M e x ic o , Q a ta r , 
S in g a p o re , S lo v a k ia , T r in id a d  a n d  T o b a g o , U n ite d  A ra b  E m ira te s , U n ig u a y , a n d  f ro m  1 9 6 5 -2 0 0 3  fo r  
H u n g a ry .
c /T h is  re fe rs  to  th e  e v id e n c e  o f  c a u s a lity  w h ic h  in c lu d e s  th e  th re e  d ire c tio n a l  ty p es  o f  c au sa lity : i)
E —>Y, ii)  Y —>E a n d  iii)  E<->Y (se e  a lso  th e  e ig h th  c o lu m n  in  T a b le s  3 .6  a n d  3 ,1 0 , C h a p te r  3 ). T h is  
fa c ili ta te s  a n sw e r in g  th e  m a in  re s e a rc h  q u e s t io n  in  S e c tio n  7 .4 .
d /T h is  re fe rs  to  th e  e v id e n c e  o f  ‘E n e rg y  c a u s e s  G D P 7 w h ic h  in c lu d e s  th e  tw o  d ire c tio n a l  ty p es  o f  
c au sa lity : i) E —>Y a n d  iii)  E<->Y (s e e  a lso  th e  n in th  c o lu m n  in  T a b le s  3 .6  a n d  3 .1 0 , C h a p te r  3 ). T h is  
fa c ili ta te s  a n sw e r in g  th e  su b  r e s e a rc h  q u e s tio n  1 a n d  th e  su b  re se a rc h  q u e s t io n  3 in  S e c tio n  7 .4 . 
e /  T h is  re fe rs  to  th e  e v id e n c e  o f  ‘G D P  c a u s e s  E n e rg y 7 w h ic h  in c lu d e s  th e  tw o  d ire c tio n a l  ty p es  o f  
c a u sa lity : ii) Y —»E a n d  iii)  E<-»Y (se e  a ls o  th e  te n th  c o lu m n  in  T a b le s  3 .6  a n d  3 .1 0 , C h a p te r  3). T h is  
fa c ili ta te s  a n sw e r in g  th e  su b  re s e a rc h  q u e s t io n  2 a n d  th e  su b  re s e a rc h  q u e s t io n  4  in  S e c tio n  7 .4 . 
f /  T h is  re fe rs  to  th e  e v id e n c e  o f  ‘b id ire c t io n a l  c a u s a l i ty ’ w h ic h  in c lu d e s  o n ly  ty p e  i ii  (E<->Y) (se e  a lso  
th e  te n th  c o lu m n  in  T a b le s  3 .6  a n d  3 .1 0 , C h a p te r  3 ).
7.3.1.1 Causality between ‘energy’ and G D P  (see the fifth  column in Table 7.1)
Overall, causality is generally found in all the country groups. The results from the time series 
approach show that in general causality is found in both the O EC D  and the non-OECD groups 
o f countries. However, the proportion is greater for the O EC D  country group, which shows 
evidence o f causality o f 80% compared with 71% in the non-OECD country group. The results 
are generally consistent with the resultb wi H D I country groups which are illustrated in the 
bottom part o f the Table 7.1. Causality is found mostly in the high development country group, 
followed by the mid development group and then the low development country group, at 78%, 
74% and 53% respectively.
The results from the panel cointegration approach, which yield causality results for the groups 
as a whole, show evidence o f causality in all panel country groups. The results appear to 
generally support the results from the time series approach where causality is found in more 
than 50% o f the countries in most country groups.
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7.3.1.2 Energy causes G D P  (see the sixth column in Table 7.1)
Evidence o f ‘Energy causes G D P ’ is found in the majority o f the groups o f countries. The 
results from the time series approach show that the proportion is greater for the O ECD  country 
group which is found at about 63%, compared w ith 50% in the non-OECD country group. The 
results are consistent with the results from the H D I groups where ‘Energy to G D P causality’ is 
found mostly in the high development country group at 64% followed by the mid development 
group at 51% and then the low development country group at only 24%.
The results from testing causality using the panel cointegration approach show evidence of 
‘Energy to G D P causality’ in all panel country groups. The results appear to generally support 
the results from the time series approach where ‘Energy to G D P causality’ is found in more 
than 50% o f the countries in most country groups with the exception o f the low development 
country group (17 countries), where evidence o f ‘Energy to G D P causality’ is found at only 
29% from the time series estimation.
7.3.1.3 G D P  causes Energy (see the seventh column in Table 7.1)
Sim ilarly, evidence o f ‘G D P causes Energy’ is found in the majority o f the groups o f 
countries. The results from the time series approach show that the proportion is greater for the 
O EC D  country group.1 Evidence o f ‘G D P to energy causality’ is detected for 60% in the 
O EC D  group compared w ith 45% in the non-OECD group. However, when countries are 
classified into H D I groups, ‘evidence o f ‘G D P to Energy causality’ is found in sim ilar 
proportions pt about. 51% in the high and mid development groups, followed by the low 
development country group where causality is found for about 35%.
Sim ilar to the previous case, the results from the panel estimation show evidence o f ‘GDP to 
Energy causality’ in all panel country groups. The results appear to generally be consistent 
with the results from the time series approach where ‘G D P to Energy causality’ is found for 
more than 50%2 o f the countries in the majority o f the country groups except for the low
1 The Evidence o f  ‘G D P to Energy causality’ appears to be slightly w eaker than the evidence o f  ‘Energy to GDP 
causality’ in these country groups.
2 Causality in the non-O EC D  country group is found for about 45%  (which is reasonably close to 50% ).
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development country group, where evidence o f ‘GDP to Energy causality’ is found at 35% 
based on the time series estimation.
7.3.1.4 Bi-directional causality (see the last column in Table 7.1)
In general, bi-directional causality is found in all the country groups, but to varying degrees. 
The results from the time series estimation show that bi-directional causality is found for 43% 
and 24% in O EC D  and non-OECD country groups respectively; whereas bi-directional 
causality is found for 38%, 28% and 6 %  in the high, mid and low development country groups 
respectively. However, the results from the panel estimation show that, taking these groups as 
a whole, bi-directional causality is found in all country groups.
7.3.2 E lectric ity  and G D P
The summary o f causality results for the case o f ‘Electricity and G D P ’ is shown in Table 7.2.
Table 7.2: Causality results (E lectric ity  and G D P )
Group Approaches Countries Year Causality* Electricity
causes
GDPd
GDP
causes
Electricity*
Bi­
directional
causality1
OECD Tim e series 30 1960/71 ±2003 87% 60% 67% 40%
Panel 30 1971-2003 4 4 ~ T 4
Non-
OECD
Tim e series 78 1971-2003 72% 51% 47% 27%
Panel 78 1971-2003 4 4 4 4
High Tim e series 45 1960/7 l b-2003 80% 51% 60% 31%
Panel 45 1971-2003 4 V 4 ~ 4
Mid Tim e series 43 1971-2003 81% 63% 56% 37%
Panel 43 1971-2003 4 4 4 4
Low Tim e series 17 1971-2003 53% 47% 24% 18%
Panel 17 1971-2003 X X X X
07 The data are available from 1971-2003 for Mexico, Slovakia, Korea and available from 1965-2003 
for Hungary.
b/The data are available from 1971-2003 for some countries in this group such as Argentina, Bahrain, 
Brunei, Chile, Costa Rica, Cuba, Cyprus, Hong Kong, Israel, Korea, Kuwait, Malta, Mexico, Qatar, 
Singapore, Slovakia, Trinidad and Tobago, United Arab Emirates, Uruguay, and from 1965-2003 for
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c/This refers to the evidence of causality which includes the three directional types of causality: i) 
Elec—>Y, ii) Y —>Elec and iii) E lecO Y  (see also the eighth column in Tables 4.4 and 4.8, Chapter 4). 
This facilitates answering the main research question which w ill be explained in the next section 
(Section 7.4).
d/This refers to the evidence of ‘Electricity causes GDP’ which includes the two directional types of 
causality: i) Elec—>Y and iii) Elec<->Y (see also the ninth column in Tables 4.4 and 4.8, Chapter 4).
This facilitates answering the sub research question 1 and the sub research question 3 in Section 7.4. 
e/ This refers to the evidence of ‘GDP causes Energy’ which includes the two directional types of 
causality: ii) Y —>Elec and iii) Elec<->Y(see also the tenth column in Tables 4.4 and 4.8, Chapter 4). 
This facilitates answering the sub research question 2 and the research question 4 in Section 7.4. 
fi This refers to the evidence of ‘bidirectional causality’ which includes only type iii (E lecO Y) (see 
also the tenth column in Tables 4.4 and 4.8, Chapter 4).
7.3.2.1 Causality between ‘electricity’ and G D P  (see the fifth  column in Table 7.2)
Causality is found in the majority o f the group o f countries. The results from the time series 
approach show that evidence o f causality is found more in the overall country group when 
compared to the results from the first case ( ‘Energy and G D P’). The proportion is still greater 
for the O EC D  country group where causality is found for about 87% compared with 72% in 
non-OECD group. When countries are classified based on H D I, evidence o f causality appears 
to be greatest in high and mid development country groups. Causality is found in similar 
proportions at 80%, 81% in high and mid development country groups followed by 53% in the 
low development country group.
The results from the panel cointegration approach show evidence o f causality in all panel 
groups except in the case o f the panel low development country group (17 countries) where 
causality is not detected in any direction but is found for about 53% based on time series 
estimation.
7.3.2.2 E lectric ity  causes G D P  (see the sixth column in Table 7.2)
Evidence o f ‘Electricity causes G D P ’ is found in the majority o f countries. Sim ilar to the case 
o f ‘Energy to G D P causality’, evidence o f ‘Electricity to GDP causality’ is found to be higher
Hungary.
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for the O EC D  country group which is detected in about 60% compared with 51% in the non- 
O EC D  country group. However, based on H D I country groups, causality is found to be higher 
in the mid development country group at 63% followed by 51% in the high development 
country group and only 47% in the low development country group.
The results from the panel estimation show evidence o f ‘Electricity to G D P causality’ in all 
panel country groups except the panel low development country group. Generally speaking, 
the results from the panel estimation appear to support the results from the time series where 
‘Electricity to G D P causality’ is found to be greater than 50% in the majority o f the country 
groups and found less than 50% in the low development country group.
7.3.2.3 G D P  causes E lectric ity  (see the seventh column in Table 7.2)
Evidence o f ‘G D P causes Electricity’ is found in the majority o f the country groups. The 
results from the time series approach show that evidence o f ‘G D P to Electricity causality’ is 
far greater for the O EC D  country group which is 67% when compared with 47% in the non- 
O EC D  country group. The results from the H D I groups show consistent results where ‘G D P to 
Electricity causality’ is found mostly in the high development country group followed by the 
mid and low development countries group with the proportions at 60%, 56% and 24% 
respectively.
Sim ilar to the case o f ‘Electricity to G D P causality’, the results from the panel cointegration 
approach show evidence o f ‘G D P to Electricity causality’ in all panel country groups with the 
exception o f the low development countiy group. The panel results appear to be consistent 
with the results from the time series estimation in ail groups3.
7.3.2.4 B id irectional causality (see the last column in Table 7.2)
In general, bi-directional causality is found in the majority o f the country groups, but again to 
varying degrees. The results from the time series estimation show that bi-directional causality 
is found for 40% and 27% in the O EC D  and non-OECD country groups respectively; whereas 
bi-directional causality is found in 31%, 37% and 18% for the high, mid and low development
3 ‘GDP to electricity  causality’ in the non-O ECD  country group is found for about 47%  (w hich is reasonably close 
to 50% ).
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country groups respectively. The results from the panel estimation, however, show the 
evidence o f bi-directional causality in all panel country groups except the low development 
group.
7.3.3 Petroleum  and G D P
The summary o f causality results for the case o f ‘Petroleum and G D P ’ is shown in Table 7.3.
Table 7.3: Causality results (Petroleum  and G D P )
G ro u p A p p ro ach es C o u n trie s Y e a r C ausality* P e tro leu m
causes
G D P d
G D P
causes
Petroleum *
Bi­
d irec tio n a l
cau sa lity 1
O E C D Tim e series 30 1960/71 ±2003 87% 63% 57% 33%
Panel 30 1971-2003 4 4 “  T " 4
N o n -
O E C D
Tim e series 78 1971-2003 85% 62% 54% 31%
Panel 78 1971-2003 4 4 4 4
H ig h Tim e series 45 1960/7 l b-2003 82% 64% 44% 27%
Panel 45 1971-2003 4 4 4 4
M id Tim e series 43 1971-2003 88% 61% 58% 37%
Panel 43 1971-2003 4 4 4 4
L o w T im e series 17 1971-2003 88% 41% 71% 24%
Panel 17 1971-2003 4 4 4 4
37 The data are available from 1971-2003 for Mexico, Slovakia, Korea and available from 1965-2003 
for Hungary.
b/The data are available from 197 \ -2003 for some countries in this group such as Argentina, Bahrain, 
Brunei, Chile, Costa Rica, Cuba, Cyprus, Hong Kong, Israel, Korea, Kuwait, Malta, Mexico, Qatar, 
Singapore, Slovakia, Trinidad and Tobago, United Arab Emirates, Umguay, and from 1965-2003 for 
Hungary.
c/This refers to the evidence of causality which includes the three directional types of causality: i) 
Petro—>Y, ii) Y —>Petro and iii) Petro<-*Y (see also the eighth column in Tables 4.12 and 4.16, 
Chapter 4). The result facilitates answering the main research question which will be explained in the 
next section (Section 7.4).
d/This refers to the evidence of ‘Petroleum causes GDP’ which includes the two directional types of 
causality: i) Petroleum—*Y  and iii) Petroleum^ Y  (see also the ninth column in Tables 4.12 and 4.16,
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C h a p te r  4 ) . T h e  r e su lt  f a c i li ta te s  a n s w e r in g  th e  su b  re se a rc h  q u e s tio n  1 a n d  th e  su b  re se a rc h  q u e s tio n  3 
in  S e c tio n  7 .4 .
e /T h i s  re fe rs  to  th e  e v id e n c e  o f ‘G D P  c a u se s  P e tro le u m ’ w h ic h  in c lu d e s  th e  tw o  d ire c tio n a l  ty p es  o f  
c a u sa lity : ii)  Y —^ P e tro leu m  a n d  iii)  P e tro le u m -^ Y (s e e  a lso  th e  te n th  c o lu m n  in  T a b le s  4 .1 2  a n d  4 .1 6 , 
C h a p te r  4 ). T h is  fa c i li ta te s  a n sw e r in g  th e  su b  re se a rc h  q u e s tio n  2 a n d  th e  su b  re se a rc h  q u e s t io n  4  in  
S e c tio n  7 .4 .
f /  T h is  re fe rs  to  th e  e v id e n c e  o f  ‘b id ire c t io n a l  c a u s a l i ty ’ w h ic h  in c lu d e s  o n ly  ty p e  iii (Petro<->Y) (see  
a lso  th e  te n th  c o lu m n  in  T a b le s  4 .1 2  a n d  4 .1 6 , C h a p te r  4 ).
7.3.3.1 Causality between ‘Petroleum ’ and G D P  (see the fifth  column in Table 7.3)
Overall causality between petroleum and G D P is found in all the countries. The results from 
the time series approach show that causality, particularly in the non-OECD country group, is 
found to be greater than with the first two cases ( ‘Energy and G D P ’ and ‘Electricity and 
G D P j.  This makes the proportion o f causality in this group closer to the proportion in the 
O ECD  country group. Causality evidence is found in sim ilar proportions at 87% in the O ECD  
country group and 85% in the non-OECD country group. When countries are classified based 
on H D I groups, evidence o f causality appears to be found mostly in mid and low development 
groups. Causality was found at 88% in both mid and low development groups whilst at 82% in 
the high development group.
The results o f testing causality using a panel cointegration approach show evidence of 
causality in all panel groups. These results support conclusively the results o f causality using 
time series set out in the majority o f the groups where causality was found at over 50%.
7.3.3.2 Petroleum  causes G D P  (see the sixth column in Table 7.3)
Overall, evidence of ‘Petroleum causes G D P ’ is found in all the groups of countries. The 
results from the time series show that the proportion in the O EC D  and the non-OECD groups 
are sim ilar which are found at 63% and 62% respectively. When countries are classified based 
on PID I groups, evidence o f ‘Petroleum to G D P causality is found to be highest at 67% in the 
mid development countiy group and 64% in the high development country group, however, it 
is only found for 41% in the low development group.
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causality was detected in the majority of the groups at over 50%.4
7.3.33 G D P  causes Petroleum  (see the seventh column in Table 7.3)
Overall, evidence o f CG D P to Petroleum causality’ is found in all the country groups. 
Sim ilarly, the results from the time series show that ‘G D P to Petroleum causality’ was found 
at 57% and 54% in both the O EC D  and the non-OECD country groups. However, when 
countries are classified based on H D I groups, evidence of ‘G D P to Petroleum causality’ is 
found to be greater at 71% in low development country group followed by 58% in mid 
development country group and 44%  in high development country group.
The results from the panel estimation show evidence o f ‘G D P to Petroleum causality’ in all 
panel groups. These results are generally consistent with the results from the time series 
estimation where causality was found in the majority o f the groups at over 50%.5
73.3.4 Bi-directional causality (see the last column in Table 7.3)
Overall, bi-directional causality is found in all the country groups, but once again in varying 
degrees. The results from the time series estimation show that bi-directional causality is found 
for 33%  and 31% o f the O EC D  and non-OECD country groups respectively; whereas bi­
directional causality is found in 27%, 37%  and 24% o f the high, mid and low development 
country groups respectively. However, the results from the panel estimation show the 
evidence o f bi-directional causality in all panel country groups.
7.4 Sum m ary of the analysis: Answers to research questions
As stated in Chapter 1, based on the theoretical/conceptual framework and the inconclusive 
empirical evidence from the literature, the main research question that arises is :
‘Is there a causal relationship between energy and economic growth? ’
4 A lthough the evidence o f  ‘Petroleum  to  G D P causality ’ is found a t 41%  in the low developm ent group, the 
proportion  is, how ever, n o t far from  50% .
5 A lthough the evidence o f  ‘G D P to petro leum  causality ’ is found at about 44%  in high developm ent group, the 
proportion, nevertheless, is no t far from  50% .
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‘Is there a causal relationship between energy and economic growth? ’
The summary Tables 7.1-7.3 as discussed above show evidence of causality in all cases. The 
summary results from the time series approach, which was illustrated in the fifth column 
(headed ‘Causality’) in Tables 7.1-7.3, show evidence o f causality in all energy cases 
(aggregate energy, electricity, and petroleum) with a proportion over 50% in all country 
groups. The causality results from the panel cointegration approach also find evidence of 
causality in the majority o f the country groups except in the case o f ‘electricity and G D P ’ in 
the low development group where panel causality is not detected.
For the sub research question 1 ‘Does energy consumption (aggregate
energy/electricity/petroleum) cause GDP in OECD/Developed countries and non-
OECD/Developing countries? ’
Evidence o f causality from aggregate energy/ electricity/ petroleum to G D P is shown in the 
sixth column in Tables 7.1, 7.2 and 7.3 (headed ‘Energy causes G D P ’, ‘Electricity causes 
G D P ’ and ‘Petroleum causes G D P’). The overall results based on the two different approaches 
show evidence o f ‘Energy to G D P causality’ which is found in all types o f energy in the 
majority groups o f countries while it appears to be found least in the low development group.6
The results suggest that energy generally causes G D P in the majority o f the countries. This 
implies that energy appears to be a main driving force in economic growth. However, causality 
was found in a minority o f the countries in the poorest country group, particularly for the case 
o f electricity. Thus any energy policy aiming at reducing energy consumption would have an 
impact on the overall growth o f the countries but would have less impact on the growth o f the 
very poor nations. However it is possible that the statistical results might give a misleading 
picture in the poorest nations hence there is a need to be cautious in their interpretation in 
terms o f policy implications. For example, the poorest countries are often reliant on prim itive 
(non-commercial) energy sources that are not adequately reflected in the energy consumption
6 In the low developm ent country group, based on tim e series estimation, ‘Energy to GDP causality’ is found less 
than 50%  for all types o f  energy while, based on panel estim ation, causality was not detected for the electricity 
case.
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statistics. Furthermore, in the poor African countries, such as Angola, many o f these countries 
have experienced war and corruption7 which arguably hinders economic growth -  irrespective 
o f the level o f energy resources and consumption.
For the sub research question 2 ‘Does G D P cause energy consumption (aggregate 
energy/electricity/petroleum) in OECD/Developed countries and non- 
OECD/Developing countries?'
The results o f causality from ‘G D P to aggregate energy/ electricity/ petroleum’ are shown in 
the last column in Tables 7.1, 7.2 and 7.3 (headed ‘G D P to Energy’, ‘G D P to electricity’ and 
‘G D P to Petroleum’). Sim ilar to the case o f ‘Energy to G D P causality’, the overall results 
based on the two different approaches show evidence o f ‘GDP to Energy causality’ is found in 
all types o f energy in the majority o f the groups of countries. However, in the low development 
group ‘G D P to Energy causality’ is found least, particularly for the case o f electricity8 but not 
for the case o f petroleum where ‘G D P to petroleum causality’ is found to be greater in this 
group.
The overall results suggest that G D P causes energy in the majority o f the countries. This 
implies that economic growth is a main driver o f energy demand in the majority o f countries 
but not in the minority o f the poorest nations, particularly in the case o f electricity.
The sub research questions 3 and 4 focus on the ‘degree of causality’ in the OECD/developed 
and the non-OECD/developing country groups. Hence, the answers are drawn primarily from 
the time series approach which gives an indicator o f the ‘degree o f causality’ in each group 
where the panel cointegration approach only demonstrates causality for the group as a whole.
For the sub research question 3 ‘Is the evidence o f causality from  energy to GDP
1 It was found that the 17 low  developm ent countries in this thesis have scores generally  less than 3. This figure is 
low er than the score o f  5.0 w hich is the borderline figure distinguishing countries that do and do not have a 
serious corruption problem  (see Transparency International C orruption Perceptions Index, 2006).
8 B ased on tim e series estim ation, ‘GD P to aggregate energy’ causality and ‘GDP to electricity causality’ are 
found at less than 50%  in the low  developm ent country group. H ow ever the results from  the panel estimate show 
evidence o f  causality for the case o f  aggregate energy but not in the case o f  electricity.
283
stronger in non-OECD/developing countries than OECD/developed countries? \
The analysis based on the time series approach in Chapters 3 and 4, which is summarised in 
Tables 7.1-7.3, gives the answer to this research question.
In the case o f causality from ‘aggregate energy to G D P \ the results from Table 7.1 show clear 
evidence that causality in the O EC D  countries is more prevalent than in the non-OECD 
countries. Causality is found for 63%  o f the total countries in the O ECD  group whereas it is at 
50% in the non-OECD group. This seems to be consistent with the H D I results where causality 
is found at 64% and 51% in high and mid development groups and at only 24% in low 
development groups.
In the case o f causality from ‘electricity to G D P ’, similar to the case o f causality from 
‘aggregate energy to G D P ’, the results from Table 7.2 show that causality in the O EC D  
countries is more prevalent than in the non-OECD countries. Causality is found for 60% of the 
total countries in the O EC D  group whilst it is found at 51% in the non-OECD group. 
However, when countries are classified based on H D I, causality is found to be highest at 63% 
in the mid development group o f countries followed by 51% in the high development group 
and only at 47% in the low development group.9
In the case o f causality from ‘petroleum to G D P ’, the results from Table 7.3 show that 
petroleum causes G D P in a sim ilar proportion o f about 63% in the O EC D  and 62% in the non- 
O EC D  country groups. When countries are classified based on H D I, causality is found at 67% 
in the high development group followed by 64% in the mid development group while at only 
41% in the low development group.
In short, evidence o f causality from ‘aggregate energy to G D P ’ is stronger in the 
OECD/developed countries than in the non-OECD/developing countries. However, this is not 
the case for electricity and petroleum where causality is found to be stronger in the mid 
development countries. The high development group then follows, whereas it is unlikely to be 
detected in the low development country group.
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The results suggest that any energy policy aimed at reducing aggregate energy could affect the 
economies o f the OECD/developed countries more than the economies o f the non- 
OECD/developing countries. Furthermore, it would affect the mid development countries most 
where electricity and petroleum appear to be their main component o f energy use and they are 
experiencing high economic and population growth (e.g. China). However, it has little effect in 
the very poor nations where tiieir economies seem to rely on primitive energy sources.
For the sub research question 4 Ts the evidence o f causality from  GDP to energy 
stronger in non-OECD/developing countries than OECD/developed countries? \
The analysis based on time series approach in Chapters 3 and 4, which is summarised in 
Tables 7 .1-7.3, gives a clear answer to the question.
In the case o f causality from 'GDP to aggregate energy’, the results from Table 7.1 show clear 
evidence that causality in the O EC D  countries is more prevalent than in the non-OECD 
countries. Causality is found in 60% o f the total countries in the O EC D  country group whereas 
it is found for 45% in the non-OECD country group. This is consistent w ith the H D I results 
where causality is found for about 51% in both the high and mid development country groups 
and only 35% in the low development country group.
In the case o f causality from ‘G D P to electricity similar to the first case, the results from 
Table 7.2 show that causality in the O EC D  countries is more prevalent than in the non-OECD 
countries. Causality was found at 67% in the O EC D  country group whilst at only 41% in the' 
non-OECD country group. This is consistent w ith the results o f the H D I group where 
causality is found at 60% in high, followed at 56% in mid and at only 24% in low development 
groups10.
Unlike the results from the first two cases mentioned above, in the case o f causality from 
‘G DP to petroleum ’, the results from Table 7.3 show that the G D P Granger causes petroleum 
in a sim ilar proportion o f about 57% in the O EC D  and 54% in the non-OECD country groups.
9 This seem s to be supported by  tire result from  the panel analysis where causality was not detected in this group.
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H o w e v e r ,  w h e n  c o u n tr ie s  a re  c la s s i f ie d  b a s ed  o n  H D I ,  i t  is  c le a r  th a t c a u s a lity  w a s  fo u n d  to  b e  
g r e a te r  at 7 1 %  in  th e  l o w  d e v e lo p m e n t  g ro u p  f o l l o w e d  a t 5 8 %  in  m id  d e v e lo p m e n t  g ro u p  an d  
a t 4 4 %  in  th e  h ig h  d e v e lo p m e n t  g ro u p .
In  sh o rt, e v id e n c e  o f  c a u s a lity  f r o m  ‘ G D P  to  a g g re g a te  e n e r g y ’ is  s tro n g e r  in  th e  
O E C D / d e v e lo p e d  c o u n tr ie s  th an  in  th e  n o n -O E C D / d e v e lo p in g  c o u n tr ie s . H o w e v e r ,  th is  is  n o t  
p r o v e n  to  b e  th e  c a s e  f o r  p e t r o le u m  w h e r e  c a u s a lity  f r o m  ‘ G D P  to  p e t r o le u m ’ is  fo u n d  to  b e  
g r e a te r  in  th e  l o w  d e v e lo p m e n t  c o u n tr y  g ro u p .
T h e  resu lts  s u g g e s t  th a t e c o n o m ic  g r o w th  is  l ik e ly  to  a c c e le ra te  e n e r g y  c o n s u m p tio n , 
p a r t ic u la r ly  e le c t r ic ity ,  m o r e  in  th e  d e v e lo p e d  c o u n tr ie s , w h i le  it  s tim u la te s  p e t r o le u m  
c o n s u m p t io n  m o r e  in  th e  p o o r  d e v e lo p in g  c ou n tr ie s .
7.5 Conclusion and further research
7.5.1 Summary
T h e  resu lts  f r o m  th e  th e s is  s h o w  e v id e n c e  o f  c a u s a lity  b e tw e e n  e n e r g y  an d  G D P  in  th e  
m a jo r it y  o f  th e  g ro u p s  o f  c o u n tr ie s . C a u s a lity  s e e m s  to  a p p ea r  m o r e  w h e n  th e  e n e r g y  is b ro k e n  
d o w n  in to  its  tw o  m a in  c o m p o n e n ts ,  e le c t r ic i t y  an d  p e tro leu m . T h e  resu lts  s u g g e s t  th a t th e re  is  
a  m u tu a l in te rd e p e n d e n c y  b e tw e e n  e n e r g y  an d  e c o n o m ic  g r o w th  in  th e  m a jo r it y  o f  th e  
c o u n tr ie s
E v id e n c e  o f  ‘ a g g re g a te / d is a g g re g a te  e n e rg y  cau ses  G D P ’ f o u n d T n  th e  th es is  im p lie s  that 
e n e r g y  ap p ea rs  to  b e  a  l im it in g  fa c to r  to  e c o n o m ic  g r o w th  in  th e  m a jo r i t y  o f  c ou n tr ie s . T h u s  
a n y  e n e r g y  p o l i c y  a im in g  a t r e d u c in g  e n e r g y  c o n s u m p tio n  w o u ld  h a v e  an  im p a c t  o n  th e  o v e r a l l  
g r o w th  o f  th e  co u n tr ie s .
W h e r e  it  is  fo u n d  th a t ‘ G D P  cau ses  a g g re g a te / d is a g g re g a te  e n e r g y ’ i t  im p l ie s  that e c o n o m ic  
g r o w th  a p p ea rs  to  b e  a  m a in  d r iv e r  o f  e n e r g y  d em a n d  in  m o s t  o f  th e  c ou n tr ie s . T h u s  a n y
10 Causality was not detected in the low development group based on panel estimation.
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a c c e le r a t io n  in  e c o n o m ic  g r o w th  w o u ld  in c rea se  th e  c o n s u m p tio n  o f  e n e r g y  an d  e m is s io n s  
w h ic h  w o u ld  d a m a g e  th e  e n v iro n m e n t .
T h e  resu lts  f r o m  th e  th es is  a ls o  in d ic a te  th a t th e  d e g r e e  o f  th e  in te rd e p e n d e n c y  b e tw e e n  
a g g r e g a t e  e n e r g y  an d  e c o n o m ic  g r o w th  ap p ea rs  to  b e  g re a te r  in  th e O E C D / d e v e lo p e d  co u n tr ie s  
than  in  th e  n o n -O E C D / d e v e lo p in g  co u n tr ie s .
I t  is  s e e n  th a t ‘ a g g r e g a te  e n e r g y  cau ses  G D P ’ is  fo u n d  to  b e  g re a te r  in  th e  O E C D / d e v e lo p e d  
c o u n tr ie s  an d  tha t o f  ‘ d is a g g r e g a te  e n e r g y  cau ses  G D P ’ is  fo u n d  to  b e  g r e a te r  in  th e  m id  
d e v e lo p m e n t  c o u n try  g ro u p . T h e  re su lts  im p ly  th a t a n y  e n e r g y  p o l ic y  a im e d  a t r e d u c in g  e n e r g y  
c o u ld  h a v e  an  o v e r a l l  a f f e c t  o n  th e  e c o n o m y  o f  th e  O E C D / d e v e lo p e d  co u n tr ie s . T h e  resu lts  
a ls o  im p ly  that e le c t r ic i t y  an d  p e t r o le u m , w h ic h  a re  th e  m a in  c o m p o n e n ts  o f  e n e r g y  use, a re  
l ik e ly  to  b e  v e r y  im p o r ta n t to  e c o n o m ic  g r o w th  p a r t ic u la r ly  in  th e  m id  d e v e lo p m e n t  g ro u p  
s in c e  th e y  a re  e x p e r ie n c in g  r a p id  e c o n o m ic  g r o w th  an d  h a v e  a  h ig h  p o p u la t io n . A c c o r d in g  to  
I E A  (2 0 0 4 ) ,  e n e r g y  p la y s  a  la r g e r  r o le  in  co u n tr ie s  a t in te rm e d ia te  s ta g es  o f  d e v e lo p m e n t  
b e c a u se  in d u s tr ia l p ro d u c t io n  o f t e n  m a k e s  a  la r g e r  c o n tr ib u t io n  to  e c o n o m ic s  g r o w th  a t th is  
s ta g e . E v id e n c e  o f  ‘ a g g re g a te / d is a g g re g a te  e n e r g y  to  G D P ’ , w h ic h  is u n l ik e ly  to  b e  fo u n d  in  
th e  l o w  d e v e lo p m e n t  g ro u p , im p l ie s  th a t a n y  p o l i c y  a im in g  to  cu t e n e r g y  m ig h t  h a v e  lit t le  
im p a c t  o n  th e  v e r y  p o o r  n a tion s  w h o s e  e c o n o m ie s  a re  m o re  l ik e ly  to  b e  d ep e n d a n t o n  p r im it iv e  
e n e r g y  sou rces .
‘ G D P  cau ses  a g g r e g a te  e n e rg y / e le c t r ic ity ’ , w h ic h  is fo u n d  to  b e  g re a te r  in  th e  
O E C D / d e v e lo p e d  co u n tr ie s , an d  ‘ G D P ,  causes p c& fo leu m ’ , w h ic h  is fo u n d  to  b e  g re a te r  in  th e 
l o w  a n d  m id  d e v e lo p m e n t  g ro u p s  o f  c ou n tr ie s . T h is  su gges ts  that e c o n o m ic  g r o w th  s t im u la tes  
th e  d e m a n d  f o r  e n e rg y , p a r t ic u la r ly  e le c t r ic ity ,  m o re  in  th e d e v e lo p e d  c o u n tr ie s  (w h e r e  th e re  is  
e a s y  a c c e s s ib i l i t y  to  e le c t r ic i t y )  th an  in  the d e v e lo p in g  co u n tr ie s  (w h e r e  e le c t r ic i t y  is less  
a c c e s s ib le  b e c a u se  o f  th e  la c k  o f  a  g r id  in fra s tru c tu re  and/or c o n n e c t io n  to  a g r id ) .  W h e re a s  it 
s u gg e s ts  tha t e c o n o m ic  g r o w th  s tim u la te s  th e d em a n d  f o r  p e t ro le u m  m o r e  in  th e  d e v e lo p in g  
c o u n tr ie s  p erh a p s  b eca u se  p e t r o le u m  is  b e c o m in g  m o r e  im p o r ta n t f o r  th e  e c o n o m ie s  o f  the 
p o o r e r  n a t io n s  w h o s e  e c o n o m ie s  a re  b e g in n in g  to  g r o w .  A n o th e r  p o s s ib le  re a s o n  is  that, in  th e 
d e v e lo p in g  co u n tr ie s , p e t r o le u m  p ro d u c ts  a re  m o r e  e a s i ly  o b ta in e d  th an  e le c t r ic i t y  w h ic h
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re q u ire s  a g r id  in fra s tru c tu re , w h ic h  is  o f t e n  in a d eq u a te  in  th e  v e r y  p o o r  n a t ion s . T h e  resu lts  
im p ly  tha t a n y  p o l i c y  to  a c c e le ra te  e c o n o m ic  g r o w th  w o u ld  a f f e c t  th e  c o n s u m p tio n  o f  
a g g r e g a te  e n e r g y  an d  e le c t r ic i t y  in  th e  r ic h  c o u n tr ie s  ra th er than  th e  p o o r  co u n tr ie s . T h is  is  n o t 
th e  ca se  f o r  p e t r o le u m  w h e r e  th e re  s e e m s  to  b e  a  g re a te r  im p a c t  in  th e  p o o r  c o u n tr ie s  th an  th e 
r ic h  c ou n tr ie s .
7.5.2 Further issues and research
H o w e v e r ,  b e fo r e  f in a l ly  c o n c lu d in g  it  is  im p o r ta n t th a t s o m e  fu rth e r  is su es  a re  d is c u s se d  that 
m ig h t  b e  c o n s id e r e d  in  a n y  fu tu re  resea rch .
T h e  f ir s t  issu e  is a b o u t th e  n o t io n  o f  ‘ G ra n g e r  C a u s a lity ’ . S in c e  th e  c o n c e p t  o f  c a u s a lity  is 
c en tra l to  th is  th es is , it  is  im p o r ta n t to  c o n s id e r  th e  d e f in it io n  e m p lo y e d  h e re  (a n d  in  m o s t  
o th e r  lite ra tu re  in  th is  a r ea ). T h e  c o n c e p t  o f  ‘ G ra n g e r  c a u s a lity ’ starts w ith  th e  p re m is e  th a t th e 
fu tu re  c a n n o t c au se  th e  past. A c c o r d in g  to  G ra n g e r  (1 9 6 9 ),  i f  e v e n t  A  o c c u rs  a f te r  e v e n t  B , 
th en  A  c a n n o t c a u se  B. H o w e v e r ,  a lth o u g h  e v e n t  A  o c c u r re d  b e fo r e  e v e n t  B, it  d o e s  n o t 
n e c e s s a r i ly  m e a n  th a t A  cau ses  B. F o r  in s tan ce , C h r is tm a s  s h o p p in g  d o e s  n o t  cau se  C h r is tm a s . 
G ra n g e r  c a u s a lity  th e r e fo r e  c a n n o t e x p la in  th e  n o t io n  o f  c a u s a lity  in  th e  c o m m o n  (o r  
p h ilo s o p h ic a l s en s e ). T h e  is su e  o f  c a u s a lity  in  e c o n o m ic s  th e r e fo r e  ra ises  a  n u m b e r  o f  
p h ilo s o p h ic a l issu es  (s e e ,  e .g . ,  H ic k s ,  1 9 7 9 ), b u t f r o m  th e p e r s p e c t iv e  o f  th e  cu rren t th es is  
w h e r e  th e  in te re s t is  in  th e  a p p ro p r ia te n es s  o f  th e  e m p ir ic a l d e f in it io n ,  th e  ‘ G ra n g e r  c a u s a lity ’ 
c o n c e p t  is  u sed .
A n o th e r  p o s s ib le  d ra w b a c k  w ith  th e  G ra n g e r  c a u s a lity  p re m is e  tha t th e  ‘ fu tu re  c a n n o t cau se  
th e  p a s t ’ is  that it  is  a r g u a b ly  to o  r ig id  s in c e  it  o m its  the p o s s ib i l i t y  o f  th e  im p lic a t io n s  o f  
‘ ra t io n a l e x p e c ta t io n s ’ . F o r  e x a m p le ,  i f  c o u n tr ie s  a re  e x p e c te d  to  g r o w  in  th e  fu tu re , e n e r g y  
c o n s u m p tio n  m a y  h a p p e n  n o w  in  a n t ic ip a t io n  as th o u g h  ‘ c a u s e d ’ b y  e x p e c ta t io n  o f  e c o n o m ic  
g ro w th . S im ila r ly ,  i f  e c o n o m ic  a g en ts  e x p e c t  fu tu re  o i l  p r ic e s  to  in c rea se  r a p id ly  th en  th e y  are  
l ik e ly  to  a d ju s t th e  p a tte rn  o f  th e ir  cu rren t e n e r g y  c o n s u m p tio n  n o w  an d  h e n c e  a f f e c t  e c o n o m ic  
a c t iv it ie s .
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A n o th e r  s h o r tc o m in g  o f  th e  t r a d it io n a l ‘ G ra n g e r  c a u s a lity ’ te s t is  th a t it  is  b a se  o n  th e  
a s y m p to t ic  th e o ry  an d  th e r e fo r e  c r it ic a l v a lu e s  a re  o n ly  v a l id  f o r  s ta t io n a ry  v a r ia b le s  th a t a re  
n o t  b o u n d  to g e th e r  in  th e  lo n g  ru n  b y  a  c o in te g r a t in g  r e la t io n s h ip  (G ra n g e r ,  1 9 8 8 ). T h is  
a r g u a b ly  m a k e s  th e  c a u s a lity  te s t re su lts  s o m e w h a t  w e a k  an d  c o n d it io n a l o n  th e  a b s en c e  o f  
c o in te g r a t io n  b e tw e e n  th e  r e le v a n t  v a r ia b le s  (F r im p o n g  &  O te n g - A b a y ie ,  2 0 0 6 ).  In  
c o in t e g r a t io n  sy s tem s , th e  te s ts  a re  m o r e  c o m p le x .  T h e r e  is th e r e fo r e  a r is k  o f  m a k in g  in c o r r e c t  
in fe r e n c e s  a b o u t c a u s a lity  s im p ly  d u e  to  th e  in c o r r e c t  id e n t i f ic a t io n  o f  th e  o th e r  o f  in te g ra t io n  
o f  th e  s e r ie s  o r  n u m b e r  o f  c o in te g r a t io n  v e c to r s  a m o n g  th e  v a r ia b le .  T o  a v o id  th e se  
d i f f ic u l t ie s ,  T o d a  &  P h i l l ip s  (1 9 9 3 )  in tro d u c ed  an  a lte rn a t iv e  p ro c e d u re  f o r  te s t in g  c a u s a lity  in  
w h ic h  it  is  n o t  n e c e s s a ry  to  p re te s t th e  v a r ia b le s  f o r  th e  in te g ra t io n  a n d  c o in te g r a t io n  p ro p e r t ie s  
(s e e  a ls o  T o d a  &  Y a m a m o to ,  1995  an d  F r im p o n g  &  O te n g - A b a y ie ,  2 0 0 6 ) w h ic h  o n ly  v e i y  
r e c e n t ly  has s ta rted  to  b e  u t i l iz e d  in  th e e n e r g y  e c o n o m ic s  lite ra tu re . F u rth e r  re sea rch  m ig h t  
th e r e fo r e  a ttem p t to  v a l id a te  ( o r  r e fu te )  th e  resu lts  fo u n d  in  th is  th e s is  b y  a d o p t in g  th e  T o d a  &  
Y a m a m o t o  a p p ro a ch .
T h e  s e c o n d  is su e  is  th e  im p lic a t io n  o f  b i-d ir e c t io n a l c a u s a lity . A s  in d ic a te d  a b o v e ,  b i ­
d ir e c t io n a l c a u s a lity  is  fo u n d  f o r  a lm o s t  a l l  th e  p a n e l resu lts , th e  o n ly  e x c e p t io n  b e in g  b e tw e e n  
e le c t r ic i t y  an d  G D P  f o r  th e  l o w  in c o m e  d e v e lo p m e n t  g ro u p . F o r  th e  t im e  s e r ie s  th e re  is  s o m e  
e v id e n c e  o f  b i-d ir e c t io n a l c a u s a lity , b u t it  is  n o t  o v e r w h e lm in g .  W h e r e  b i-d ir e c t io n a l c a u s a lity  
e x is ts  th e re  is  a m u tu a l l in k  b e tw e e n  ‘ e n e r g y ’  an d  e c o n o m ic  g ro w th ,  im p ly in g  o n  o n e  h an d  tha t 
‘ e n e r g y ’ is  a  l im it in g  fa c to r  f o r  e c o n o m ic  g r o w th  ( g iv e n  that e c o n o m ic  g r o w th  is  ‘ d r iv e n ’ to  
s o m e  e x te n t  b y  e n e r g y  u se ; b u t o n  th e  o th e r  h an d  th ere  is a r e c ip r o c a l  r e la t io n s h ip  in  that 
e c o n o m ic  g r o w th  a ls o  s tim u la te s  ‘ e n e r g y ’ use. H e n c e  i f  b i-d ir e c t io n a l c a u s a lity  d o e s  e x is t  in  
th is  w a y  th en  th e re  a re  n o  c le a r  p o l i c y  p re s c r ip t io n s  a n d  su ch  th in g s  as e n e r g y  c o n s e r v a t io n  
and/or e n c o u ra g e m e n t  f o r  e c o n o m ic  g r o w th  b e c o m e  v e r y  d i f f ic u lt .
T h is  is true  i f  b i-d ir e c t io n a l c a u s a lity  is  a c c ep te d , bu t th is  m a y  ju s t  b e  a  p ro d u c t o f  th e  
a p p ro a c h  ta k en , h e n c e  th e re  is  a  n e e d  to  b e  ca u tio u s  in  m a k in g  a n y  p o l i c y  im p lic a t io n s . 
P e rh a p s  th e re  a re  m is s in g  v a r ia b le s  th a t m a y  s e r v e  as th e  c o m m o n  cau se  o f  b o th  e c o n o m ic  
g r o w th  a n d  e n e r g y  c o n s u m p tio n , f o r  e x a m p le ,  in  r e a lity  th e re  are  s e v e r a l fa c to rs  a f f e c t in g  
e c o n o m ic  g r o w th  an d  e n e r g y  c o n s u m p tio n . T h e r e fo r e  a  s tru ctu ra l m o d e l  b a sed  o n  a
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s im u lta n eo u s  e q u a t io n  a p p ro a c h  th a t in c lu d e s  th e s e  o th e r  re la te d  v a r ia b le s  su ch  as c a p ita l,  
la b o u r , e tc  in  th e  p ro d u c t io n  fu n c t io n , an d  e n e r g y  p r ic e ,  e tc  in  th e  e n e r g y  c o n s u m p t io n  
fu n c t io n  m ig h t  h e lp  to  b e t te r  e x p la in  th e  r e c ip r o c a l re la t io n s h ip  b e tw e e n  ‘ e n e r g y ’  an d  
e c o n o m ic  g ro w th .
T h e  th ird  issu e  to  c o n s id e r  is  th e  in s ta b il i t y  a n d  s tru ctu ra l b rea k s . M a n y  o f  th e  e c o n o m ie s  
s tu d ie d  in  th e  th es is  h a v e  e x p e r ie n c e d  in s ta b il i t y  a n d  p o s s ib le  s ig n i f ic a n t  ‘ s tru ctu ra l b r e a k s ’ 
o v e r  th e  p e r io d  o f  s tu dy. F o r  e x a m p le :  th e  C h in e s e  e c o n o m y  has d e v e lo p e d  c o n s id e r a b ly  in  
r e c e n t  y e a rs  f o l l o w in g  p o l i t ic a l  r e v o lu t io n ;  an d  th e  e c o n o m y  o f  th e  u n ite d  G e rm a n y  has 
s tru g g le d  s in c e  u n if ic a t io n  in  1991 . I f  su ch  in s ta b il i ty  is  s ig n i f ic a n t  le a d in g  to  s tru ctu ra l 
b rea k s  in  th e  d a ta  an d  e s t im a te d  re la t io n s h ip s  th en  th e  c a u s a lity  resu lts  o b ta in e d  m ig h t  b e  
m is le a d in g .  H e n c e  fu tu re  r e s e a rch  a g a in  m ig h t  a tte m p t to  v a l id a te  ( o r  r e fu te )  th e  resu lts  h e re  
b y  s y s te m a t ic a l ly  te s t in g  f o r  a n y  in s ta b il i ty  b y  u s in g  r e c u rs iv e  e s t im a t io n  in  a  t im e  s e r ie s  
c o n te x t  o r  p o s s ib ly  a d o p t in g  th e  p ro c e d u re  s u g g e s te d  b y  W e s te r lu n d  (2 0 0 6 )  f o r  te s t in g  f o r  
s tru ctu ra l b rea k s  in  a  p a n e l c o in te g r a t io n .
F u r th e rm o re , a lte rn a t iv e  g ro u p in g s  o f  th e  c o u n tr ie s  c o u ld  b e  e x a m in e d  b a s e d  u p o n  su ch  th in g s  
as  g e o g ra p h ic a l  a rea , p o lit ic a l/ e c o n o m ic  s y s tem s , e tc . F o r  e x a m p le ,  c o u n tr ie s  m ig h t  b e  
g r o u p e d  an d  te s te d  a c c o r d in g  to  g e o g ra p h ic a l a rea  (s u c h  as E u ro p e , A s ia ,  A f r i c a  an d  U S A ) .  
F u r th e rm o re , w h e th e r  an  e c o n o m y  is  b a s e d  o n  th e  p r in c ip le s  o f  a  ‘ f r e e  m a rk e t ’  o r  ‘ c e n tr a l ly  
p la n n e d ’ is  l ik e ly  to  a f f e c t  th e  c a u s a lity  r e la t io n s h ip  b e tw e e n  ‘ e n e r g y ’ an d  G D P  an d  fu tu re  
re sea rch  tha t a ttem p ts  to  ad d ress  th e se  k in d  o f  g r o u p in g s  s h o u ld  th r o w  a d d it io n a l l ig h t  o n  th e 
is su e .
T h e  fo u r th  is su e  to  c o n s id e r  is  th a t o f  c o u n tr ie s  e x p e r ie n c in g  d i f f e r e n t  le v e ls  o f  e f f i c ie n c y .  A  
c o u n try  w ith  a  s im ila r  s tate  o f  d e v e lo p m e n t ,  in fra s tru c tu re , t e c h n o lo g y ,  e tc . to  a n o th e r  m a y  ju s t  
b e  le ss  e f f i c ie n t  an d  h en ce  m a y  u se  m o re  e n e r g y  th an  th e  o th e r  c o u n try , w h ic h  m a y  d is to r t  th e  
m e s s a g e  f r o m  e m p ir ic a l e s t im a t io n  o f  ca u sa lity . A lt h o u g h  it is  d i f f ic u l t  to  s e e  e x a c t ly  h o w  th is  
m ig h t  b e  ca p tu red  in  fu tu re  resea rch , o th e r  th an  th ro u gh  a  m u lt i- v a r ia te  f r a m e w o rk .
T h e  f in a l  is su e  is  a b o u t s o m e  o th e r  m in o r  p o in ts  tha t s t i l l  n e e d  to  b e  c o n s id e r e d .  F o r  e x a m p le ,
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f i r s t ly  th e  m e a s u re m e n t o f  v a r ia b le s  u sed  in  th e  m o d e l  as e n e r g y  c o n s u m p t io n 1 1 is, a rg u a b ly ,  a  
c ru d e  a p p ro x im a t io n  to  e n e r g y  s e r v ic e s ,  w h ic h  is  l ik e ly  to  b e  th e  r e a l d r iv e r  o f  g r o w th  a n d  
d e v e lo p m e n t .  S e c o n d ly  in  o rd e r  to  d o  a  s y s te m a tic  an d  c o n s is ten t s tu d y  f o r  o v e r  100 c o u n tr ie s  
th is  s tu d y  has a d o p te d  a b i- v a r ia t e  a p p ro a c h , w h e re a s  a m u lt i- v a r ia te  a n a ly s is  m ig h t  p ro d u c e  
d i f fe r e n t  resu lts . H o w e v e r ,  th is  a n a ly s is  c o u ld  n o t  b e  p e r fo rm e d  o n  su ch  a la r g e  n u m b e r  o f  
c o u n tr ie s  d u e  to  d a ta  lim ita t io n s . T h ir d ly ,  th e  resu lts  f r o m  th e  l o w  d e v e lo p m e n t  c o u n try  g ro u p  
(1 7  c o u n tr ie s ) s e e m  to  b e  in c o n s is te n t  b e tw e e n  th e  tw o  a p p ro a ch es . T h is  m ig h t  re su lt f r o m  th e  
fa c t  tha t th ere  a re  o n ly  17 c o u n tr ie s  in  th e  p a n e l g ro u p  o f  l o w  d e v e lo p m e n t  c o u n tr ie s  c o m p a r e d  
w ith  4 5  an d  43  c o u n tr ie s  in  th e  h ig h  an d  m id  d e v e lo p m e n t  g ro u p s . T h e  l o w  n u m b e r  o f  
o b s e r v a t io n s  c o u ld  a ls o  a f f e c t  th e  a c c u ra c y  o f  th e  e s t im a te  resu lts . A n o th e r  re a s o n  f o r  th is  is  
th a t s in c e  th e n u m b e r  o f  c o u n tr ie s  in  th is  g ro u p  is lo w ,  th e  p r o p o r t io n  o f  th e  d i f fe r e n t  ty p e s  o f  
c a u s a lity  resu lts  b a s e d  o n  t im e  s e r ie s  e s t im a t io n  c o u ld  p res e n t m is le a d in g  f ig u re s .  F o r  e x a m p le  
a  s m a ll d i f fe r e n c e  in  th e  n u m b e r  o f  c o u n tr ie s  ca n  m a k e  a b ig  d i f f e r e n c e  in  th e  p ro p o r t io n s  
(p e r c e n ta g e s ).  A  fu rth e r  re a s o n  m a y  b e  th e  p o te n t ia l l o w  q u a lit y  o f  th e  o r ig in a l  d a ta  sets  
r e la t in g  to  th e se  p o o re s t  n a t ion s , w h ic h  m ig h t  a f f e c t  th e  e s t im a t io n  resu lts .
7.5.3 Concluding remarks
D e s p ite  th e se  issu es , th is  is , as  fa r  as is  k n o w n , th e f ir s t  s y s te m a tic  s tu d y  o f  su ch  a  la r g e  
n u m b e r  o f  cou n tr ie s . I t  has p ro d u c e d  resu lts  th a t d em o n s tra te , in  p a r t icu la r , tha t c a u s a lity  f r o m  
‘ a g g r e g a te  e n e r g y  to  G D P ’ is m o re  p r e v a le n t  in  th e  d e v e lo p e d / O E C D  w o r ld  th an  th e  
d e v e lo p in g / n o n -O E C D  w o r ld .  H o w e v e r ,  c a u s a lity  f r o m  ‘ d is a g g r e g a te  e n e r g y  (e le c t r ic i t y  an d  
p e t r o le u m ) to  G D P ’ ap p ea rs  to  b e  m o re  p r e v a le n t  in  th e  m id  d e v e lo p m e n t  c o u n tr ie s  w h e re a s  it 
is u n l ik e ly  to  b e  d e te c te d  in  th e  l o w  d e v e lo p m e n t  c ou n tr ie s . T h is  has s ig n if ic a n t  c o n s e q u e n c e s  
in  a  g lo b a l  c o n te x t ,  e s p e c ia l ly  w h e r e  m ea su re s  to  re d u ce  e n e r g y  a re  u n d er ta k en  to  r e d u c e  
p o llu ta n t e m is s io n s , s in c e  it  s u gg e s ts  th a t th e se  w o u ld  h a v e  a  g r e a te r  im p a c t  o n  th e  g r o w th  o f  
th e  m id  d e v e lo p m e n t  c o u n tr ie s  w h e r e  th e y  a re  e x p e r ie n c in g  h ig h  e c o n o m ic  an d  p o p u la t io n  
g ro w th .
11 Other further research to investigate causal relationship between economic growth and sectoral energy such as 
industrial, transportation, residential sectors could produce interesting results.
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A p p e n d i x :  D i a g n o s t i c  T e s t
A.l Introduction
C h a p te r  3 r e v ie w e d  th e p r e v io u s  lite ra tu re  o n  e s t im a t in g  G ra n g e r  c a u s a lity  b e tw e e n  
‘ e n e r g y ’ an d  G D P  an d  v e r y  f e w  s tu d ies  r e p o r te d  d ia g n o s t ic  tes ts  f o r  th e  e s t im a te d  ‘ G ra n g e r  
c a u s a lit y ’ e q u a tio n s , h en c e  f o r  c o n s is te n c y  th e se  h a v e  n o t b e e n  p re s e n ted  in  th e  m a in  te x t, 
h o w e v e r  f o r  c o m p le te n e s s  th e y  h a v e  b e e n  e s t im a te d  an d  are  s u m m a r iz e d  b r i e f l y  h ere . T h e  
fo u r  tes ts  o n  th e  e q u a t io n  re s id u a ls  c o n s id e r e d  a re  f o r  th e  p ro b le m s  o f  S e r ia l  c o r r e la t io n , 
A R C H ,  H e te ro s k e d a s t ic ity ,  an d  n o n - N o r m a li t y . 1
A.1.1 Serial/Auto Correlation (AC)
T h e  L a g ra n g e  M u l t ip l i e r  ( L M )  te s t f o r  s e c o n d  o r d e r  au to  c o r r e la te d  e r ro rs  is  u n d er ta k en  b y  
e s t im a t in g  an  a u x il ia r y  r e g r e s s io n  b y  O L S .  T h e  re s id u a ls  f r o m  th e  o r ig in a l  e s t im a te d  
‘ G ra n g e r  c a u s a lity ’ e q u a t io n  a re  r e g re s s e d  o n  th e  s e t o f  o r ig in a l  e x p la n a to r y  v a r ia b le s  p lu s  
th e  re s id u a ls  la g g e d  b y  tw o  p e r io d s . A  j o in t  F - te s t  f o r  th e  c o e f f ic ie n t s  o n  th e la g g e d  
re s id u a ls  d e te rm in e s  w h e th e r  th e y  a re  s ig n i f ic a n t ly  d i f fe r e n t  f r o m  z e r o  an d  h e n c e  w h e th e r  
s e r ia l c o r r e la t io n  is  a p ro b le m .
A.1.2 Autoregressive Consistent Heteroskedasticity (ARCH)
T h e  L M  tes t f o r  f ir s t  o rd e r  A R C H  is  a g a in  u n d er ta k en  b y  e s t im a t in g  an  a u x i l ia r y  r e g r e s s io n  
u s in g  O L S .  T h e  sq u a red  re s id u a ls  f r o m  th e  o r ig in a l  ‘ G ra n g e r  c a u s a lit y ’ e s t im a te d  e q u a t io n  
a re  r e g re s s e d  o n  th e  squ a red  re s id u a ls  la g g e d  b y  o n e  p e r io d  (p lu s  a c o n s ta n t ) an d  th e  F -te s t  
f o r  th e  c o e f f i c ie n t  o n  la g g e d  s q u a red  re s id u a ls  d e te rm in e s  w h e th e r  it  is s ig n i f ic a n t ly  
d i f f e r e n t  f r o m  z e r o  an d  h en c e  w h e th e r  A R C H  is  a p ro b le m .
A. 1.3 Heteroskedasticity
W h it e ’ s tes t f o r  h e te r o s k e d a s t ic ity  is a ls o  c o n d u c te d  v ia  an  a u x i l ia r y  r e g r e s s io n  u s in g  O L S .  
T h e  squ a red  re s id u a ls  f r o m  th e  o r ig in a l  ‘ G ra n g e r  c a u s a lity ’ e s t im a te d  e q u a t io n  a re  
r e g re s s e d  o n  th e set o f  o r ig in a l  e x p la n a to ry  v a r ia b le s  an d  th e  s e t o f  e x p la n a to r y  v a r ia b le s
! These tests are applied for both time series and panel data
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squ a red . A  j o in t  F - te s t  f o r  th e  c o e f f ic ie n t s  o f  a l l  th e  squ a red  v a r ia b le s  d e te rm in e s  w h e th e r  
th e y  a re  s ig n i f ic a n t ly  d i f fe r e n t  f r o m  z e r o  an d  h e n c e  w h e th e r  th e  re s id u a ls  f r o m  th e  o r ig in a l  
e q u a t io n  s u f fe r  f r o m  h e te r o s k e d a s t ic ity .2
A. 1.4 Non-Normality
T h e  J a rq u e -B e ra  (J B )  te s t o f  n o rm a lit y  is  u s ed  w h ic h  is  an  a s y m p to t ic  te s t b a s e d  o n  th e 
c o m p u ta t io n  o f  s k e w n e ss  a n d  k u rto s is  m e a s u re s  o f  th e  O L S  re s id u a ls  c o n d u c te d  b y  
c a lc u la t in g  th e  tes t s ta tis tic :
S 2 +  ( K - 3 ) 2
J B ~ n
6  2 4
w h e r e  n  =  s a m p le  s iz e ;
S  =  th e  s k e w n e ss  c o e f f ic ie n t ;  an d
K  =  k u rto s is  c o e f f ic ie n t .
F o r  th e  re s id u a ls  to  b e  n o r m a lly  d is tr ib u te d  S = 0  a n d  K = 3 ,  so  that JB  is  a  te s t o f  th e  j o in t  
h y p o th e s is  th a t S an d  K  a re  e q u a l to  0  a n d  3, r e s p e c t iv e ly ,  o r  in  o th e r  w o rd s  a te s t o f  
w h e th e r  th e  J B  s ta t is t ic  is  e q u a l to  b e  z e ro .  U n d e r  th e  n u ll h y p o th es is , th a t th e  re s id u a ls  a re  
n o r m a lly  d is tr ib u ted , th e  J B  s ta t is t ic  f o l lo w s  th e  c h i-s q u a re  d is tr ib u t io n  w i t h  tw o  d e g r e e s  o f  
f r e e d o m .3
A.2 Discussion of results 
A.2.1 Time series estimation:
T h e  d ia g n o s t ic  resu lts  f o r  th e  t im e  s e r ie s  re su lts  a re  p res e n ted  in  T a b le s  A . l  to  A . 6  b e lo w  
an d  d is c u s se d  b e lo w  b a s ed  u p o n  th e  o n e  p e rc e n t s ig n if ic a n c e  le v e l.
2 Note this is the ‘No cross terms’ test given the available number of degrees of freedom, hence no cross 
product terms are included in the auxiliary regression.
3 See Gujarati (2003), for example, for further explanation.
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A.2.1.1 Energy and GDP
T a b le  A . l  g iv e s  th e  d ia g n o s t ic  tes ts  f o r  th e  30  O E C D  c o u n tr ie s ’ e q u a t io n s  r e p o r te d  in  
C h a p te r  3 . T h e  m a jo r ity  o f  th e  e q u a tio n s  p ass  a l l  th e s e  d ia g n o s t ic  tes ts . N o n e  o f  th e  60  
c a u s a lity  e q u a t io n s  re je c ts  th e  n u ll h y p o th e s e s  o f  n o  s e r ia l c o r r e la t io n  a n d  n o  A R C H ,  th ree  
o f  th e  59  r e je c t  th e  n u ll h y p o th e s is  o f  n o  h e te ro s k e d a s t ic ity 4, w h e re a s  15 o u t o f  6 0  r e je c t  th e  
n u ll h y p o th e s is  o f  n o rm a lity .
T a b le  A .2  g iv e s  th e  d ia g n o s t ic  tes ts  f o r  th e  7 8  n o n - O E C D  c o u n tr ie s ’ e q u a t io n s  p re s e n ted  in  
C h a p te r  3 . T h e  m a jo r it y  o f  th e  e q u a tio n s  pass  th e se  d ia g n o s t ic  tests . F o r  o n e  o u t o f  th e  156 
c a u s a lity  e q u a tio n s  th e  n u ll h y p o th e s is  o f  n o  s e r ia l c o r r e la t io n  r e je c te d ,  w h e re a s  tw o  o u t  o f  
th e  156  r e je c t  th e  n u ll h y p o th e s is  o f  n o  A R C H .  H o w e v e r ,  11 o u t o f  150  r e je c t  th e  n u ll 
h y p o th es is  o f  n o  h e te ro s k e d a s t ic ity 5, a n d  4 6  o u t o f  156 r e je c t  th e  n u ll h y p o th e s is  o f  
n o rm a lity .
A.2.1.2 Electricity and GDP
T a b le  A .3  g iv e s  th e  d ia g n o s t ic  te s ts  f o r  th e  3 0  O E C D  c o u n tr ie s ’  e q u a t io n s  p re s e n ted  in  
C h a p te r  4 . T h e  m a jo r it y  o f  th e  e q u a t io n s  p ass  th ese  d ia g n o s t ic  tests . N o n e  o f  th e  60  
c a u s a lity  e q u a tio n s  r e je c t  th e  n u ll h y p o th e s is  o f  n o  s e r ia l c o r r e la t io n , o n e  r e je c ts  th e n u ll 
h y p o th es is  o f  n o  A R C H  a n d  th re e  o u t o f  5 9  r e je c t  th e  n u ll h y p o th e s is  o f  n o  
h e te r o s k e d a s t ic ity 6. W h e r e a s  15 o f  th e  60  cases  th e  resu lts  r e je c t  n u ll h y p o th e s is  o f  
n o rm a lity .
T a b le  A .4  g iv e s  th e d ia g n o s t ic  tests  f o r  78  n o n - O E C D  c o u n tr ie s ’ e q u a t io n s  p re s e n - «d  in  
C h a p te r  4 . T h e  m a jo r ity  o f  th e  e q u a t io n s  pass th e se  d ia g n o s t ic  tests. O n ly  o n e  o u t o f  th e  
156 c a u s a lity  e q u a tio n s  r e je c ts  th e  n u ll h y p o th es e s  o f  n o  s e r ia l c o r r e la t io n  a n d  n o  A R C H .
4 Note, for one country the heteroskedasticity test cannot be undertaken for one equation due to an insufficient 
number of observations.
5 Note for six countries the Heteroskedasticity test cannot be undertaken for one equation due to an 
insufficient number of observations.
6 Note, for one country the Heteroskedasticity test cannot be undertaken for one equation due to an 
insufficient number of observations.
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S e v e n  o u t  o f  150 r e je c t  th e  n u ll h y p o th e s is  o f  n o  h e te r o s c e d a s t ic ity 7 w h e re a s  35  o u t o f  156  
r e je c t  th e  n u ll h y p o th es is  o f  n o rm a lity .
A.2.1,3 Petroleum and GDP
T a b le  A .5  g iv e s  th e  d ia g n o s t ic  tes ts  f o r  th e  3 0  O E C D  c o u n tr ie s ’ e q u a t io n s  p re s e n te d  in  
C h a p te r  4  an d  th is  s h o w s  th a t a g a in  th e  m a jo r it y  o f  th e  e q u a t io n s  p ass  a l l  th e se  d ia g n o s t ic  
tests. N o n e  o f  th e  6 0  c a u s a lity  e q u a t io n s  r e je c t  th e  n u ll h y p o th es e s  o f  n o  s e r ia l c o r r e la t io n  
an d  n o  A R C H ,  w h e re a s  f i v e  o u t  o f  6 0  r e je c t  th e  n u ll h y p o th e s is  o f  n o  h e te r o s k e d a s t ic ity  
an d  13 o u t o f  6 0  r e je c t  th e  n u ll h y p o th e s is  o f  n o rm a lity .
T a b le  A . 6  g iv e s  th e d ia g n o s t ic  tests  f o r  th e  78  n o n - O E C D  c o u n tr ie s ’  e q u a t io n s  p re s e n ted  in  
C h a p te r  4  an d  y e t  a g a in  th e  m a jo r it y  o f  th e  e q u a t io n s  pass  th e se  d ia g n o s t ic  tests . N o n e  o f  
th e  156 c a u s a lity  e q u a t io n s  r e je c t  th e  n u ll h y p o th e s is  o f  n o  s e r ia l c o r r e la t io n  a n d  o n e  r e je c ts  
th e  n u ll h y p o th es is  o f  n o  A R C H .  N in e  o u t o f  149 r e je c t  th e  n u ll h y p o th e s is  o f  n o  
h e te r o s k e d a s t ic ity 8 w h e re a s  21 o u t o f  156 r e je c t  th e  n u ll h y p o th es is  o f  n o rm a lity .
A.2.2 Panel estimation
T h e  d ia g n o s t ic  re su lts  f o r  th e  f i v e  p a n e l g r o u p  e q u a t io n s  p re s e n te d  in  C h a p te r  5 an d  
C h a p te r  6  are  g i v e n  in  T a b le  A .7 ;  3 0 - O E C D  c o u n try  g ro u p , 7 8 -n o n -O E C D  c o u n tr y  g ro u p , 
4 5 -h ig h  d e v e lo p m e n t  c o u n try  g ro u p , 4 3 -m id  d e v e lo p m e n t  c o u n try  g r o u p  a n d  1 7 - lo w  
d e v e lo p m e n t  c o u n tr y  g ro u p , f o r  a l l  th ree  ty p e s : ‘ E n e r g y  an d  G D P ’ , ‘ E le c t r ic i t y  an d  G D P ’ , 
‘ P e t r o le u m  an d  G D P ’ .
A.2.2.1 Energy and GDP
F o r  ‘ E n e r g y  an d  G D P ’ s ix  o u t o f  th e  10 p a n e l c a u s a lity  e q u a tio n s  r e je c t  th e  n u ll h y p o th es e s  
o f  n o  s e r ia l c o r r e la t io n  an d  n o  A R C H ,  w h e re a s  e ig h t  o u t o f  10 r e je c t  th e  n u ll h y p o th e s is  o f  
n o  h e te ro s k e d a s t ic ity  an d  a l l  1 0  r e je c t  th e  n u ll h y p o th e s is  o f  n o rm a lity .
7 Note for six countries the Heteroskedasticity test cannot be undertaken for one equation due to an 
insufficient number of observations.
8 Note for seven countries the Heteroskedasticity test cannot be undertaken for one equation due to an 
insufficient number of observations.
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A.2.2.2 Electricity and GDP
F o r  ‘ E le c t r ic i t y  an d  G D P ’ f i v e  o u t  o f  th e  10 p a n e l c a u s a lity  e q u a t io n s  r e je c t  th e  n u ll 
h y p o th es is  o f  n o  s e r ia l c o r r e la t io n ,  s e v e n  o u t o f  10 r e je c t  th e  n u ll h y p o th e s is  o f  n o  A R C H ,  
s ix  o u t o f  1 0  r e je c t  th e  n u ll h y p o th e s is  o f  n o  h e te r o s k e d a s t ic ity  w h e re a s  a l l  1 0  r e je c t  th e  
n u ll h y p o th e s is  o f  n o rm a lity .
A.2.2.3 Petroleum and GDP
F o r  ‘ P e t r o le u m  an d  G D P ’  tw o  o u t o f  th e  10 p a n e l c a u s a lity  e q u a t io n s  r e je c t  th e  n u ll 
h y p o th es is  o f  n o  s e r ia l c o r r e la t io n , s e v e n  o u t  o f  10 r e je c t  th e  n u ll h y p o th e s e s  o f  n o  A R C H  
an d  n o  h e te r o s k e d a s t ic ity  w h e re a s  a g a in  a l l  1 0  r e je c t  th e  n u ll h y p o th es is  o f  n o rm a lity .
A.3 Conclusion
T h e  a b o v e  s h o w s  th a t th e  m a jo r i t y  o f  G ra n g e r  c a u s a lity  e q u a t io n s  p ass  a lm o s t  a l l  th e  
d ia g n o s t ic  tests  f o r  th e  t im e  s e r ie s  e s t im a t io n  g iv e n  in  C h a p te r  3 an d  C h a p te r  4 ;  s u g g e s t in g  
a  h ig h  d e g r e e  o f  ‘ c o n f id e n c e ’  in  th e  t im e  s e r ie s  resu lts . T h e  a b o v e  a ls o  s h o w s  th a t f o r  th e  
p a n e l e s t im a t io n , b r o a d ly  s p e a k in g , f e w e r  tests  a re  p assed . M o r e  th an  h a l f  o f  th e  p a n e l 
G ra n g e r  c a u s a lity  e q u a tio n s  p ass  s e r ia l c o r r e la t io n  tes t, a b o u t a th ird  p ass  th e  A R C H  tes t 
an d  th e  h e te ro s k e d a s t ic ity ;  s u g g e s t in g  a g a in  th a t th e re  is  a  r e a s o n a b le  d e g r e e  o f  
‘ c o n f id e n c e ’  in  th e  resu lts . H o w e v e r ,  th e  n o n e  o f  th e  n o n -n o rm a lity  tes ts  a re  p a ssed , 
h o w e v e r ,  g iv e n  th e  la r g e  n u m b e r  o f  o b s e r v a t io n s  u t il is e d  in  th e  p a n e l e q u a tio n s , th is  is 
l ik e ly  n o t  to  b e  to o  s e v e r e  g iv e n  th e  c e n tra l l im it  th e o r e m .9
9 For further details see Gujarati (2003).
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Table A .1 : Diagnostic test for OECD countries (Energy and GDP)
Countries Equation AC ARCH Heteroskedasiticity Non-Normality
F-stat. Probability F-stat. Probability F-stat. Probability X-stat ProbJC'ti)
A ustralia GDP 0.01 Prob. F(2,35) 0.99 0.41 Prob. F(l,38) 0.52 0.47 Prob. F(6,34) 0.83 10.61 0.00
Energy 0.72 Prob. F(2,33) 0.49 0.86 Prob. F(l,37) 0.36 0.56 Prob. F(8,31) 0.80 10.55 0.01
A ustria GDP 0.53 Prob. F(2,29) 0.59 0.26 Prob. F(l,36) 0.61 0.70 Prob. F( 14,24 0.76 0.98 0.61
Energy 0.16 Prob. F(2,33) 0.85 0.02 Prob. F(l,37) 0.89 0.81 Prob. F(8,31) 0.60 1.36 0.05
Belgium GDP 0.98 Prob. F(2,35) 0.39 2.09 Prob. F(l,38) 0.16 0.77 Prob. F(6,34) 0.60 0.30 0.86
Energy 1.62 Prob. F(2,35) 0.21 0.39 Prob. F(l,38) 0.53 0.57 Prob. F(6,34) 0.75 0.87 0.65
C anada GDP 0.78 Prob. F(2,37) 0.47 0.04 Prob. F(l,39) 0.84 3.03 Prob. F(4,37) 0.03 5.69 0.06
Energy 0.84 Prob. F(2,37) 0.44 0.00 Prob. F(l,39) 0.95 0.99 Prob. F(4,37) 0.42 6.81 0.03
Czech Rep, GDP 0.49 Prob. F(2,37) 0.62 0.05 Prob. F(l,39) 0.82 0.17 Prob. F(4,37) 0.95 609.20 0.00
Energy 0.52 Prob. F(2,37) 0.60 0.01 Prob. F(l,39) 0.93 0.30 Prob. F(4,37) 0.87 507.86 0.00
Denm ark GDP 0.89 Prob. F(2,28) 0.42 2.69 Prob. F(l,36) 0.11 0.57 Prob. F(16,22 0.88 0.63 0.73
Energy 0.99 Prob. F(2,21) 0.39 1.16 Prob. F(I,31) 0.29 1.21 Prob. F(20,13 0.37 0.20 0.90
Finland GDP 0.25 Prob. F(2,35) 0.78 0.03 Prob. Ff 1,38) 0.85 1.00 Prob. F(6,34) 0.44 8.07 0.02
Energy 1.96 Prob. F(2,36) 0.16 4.43 Prob. F(l,39) 0.04 1.91 Prob. F(6,35) 0.11 0.46 Q.79
France GDP 0.00 Prob. F(2,33) 1.00 0.03 Prob. F(l,37) 0.87 0.92 Prob. F(8.31) 0.51 0.89 0.64
Energy 0.08 Prob. F(2,37) 0.93 0.95 Prob. F(l,39) 0.34 3.92 Prob. F(4,37) 0.01 1.28 0.53
Germany GDP 0.48 Prob. F(2,22) 0.63 0.68 Prob. F(l,32) 0.42 0.89 Prob. F(20,14 0.61 0.31 0.85
Energy 0.67 Prob. F(2,37) 0.52 0.07 Prob. F(l,39) 0.79 6.03 Prob. F(4,37) 0.00 158.10 0.00
Greece GDP 0.41 Prob. F(2,33) 0.66 0.11 Prob. F(l,37) 0.74 1.65 Prob. F(8,31) 0.15 97.12 0.00
Energy 3.27 Prob. F(2,21) 0.06 0.08 Prob. F(l,31) 0.78 5.33 Prob. F(20,13 0.00 6.08 0.05
H ungary " GDP 0.18 Prob. F(2,32) 0.84 . 0.19 Prob. F(l,34) 0.66 0.60 Prob. F(4,32) 0.67 17.29 0.00
Energy 0.45 Prob. F(2,32) 0.64 0.96 Prob. F(1,34) 0.33 0.42 Prob. F(4,32) 0.80 1.02 0.60
Iceland GDP 0.11 Prob. F(2,23) 0.90 0.60 Prob. F{1,33) 0.44 1.44 Prob. F(20,15 0.24 1.17 0.56
Energy 0.20 Prob. F(2,33) 0.82 0.05 Prob. F(l,3?) 0.83 6.99 Prob. F{8,31) 0.00 4.66 0.10
Ireland GDP 0.47 Prob. F(2,35) 0.63 2.39 Prob. F( 1,38) 0.13 1.29 Prob. F(6,34) 0.29 1.12 0.57
Energy 0.03 Prob. F(2,23) 0.97 1.36 Prob. F(l,32) 0.25 0.89 Prob. F(18,l< 0.60 0.24 0.89
Italy GDP 0.44 Prob. F(2,37) 0.65 5.24 Prob. F(l,39) 0.03 3.27 Prob. F(4,37) 0.02 0.77 0.68
Energy 0.29 Prob. F(2,33) 0.75 0.37 Prob. F(l,37) 0.55 1.64 Prob. F(8,31) 0.15 1.42 0.49
Japan GDP 0.01 Prob. F(2,13) 0.99 0.20 Prob. F(l,31) 0.66 25.67 0.00
Energy 0.33 Prob. F(2,18) 0.72 0.01 Prob. F(l,31) 0.94 1.24 Prob. F(26,7) 0.41 3.21 0.20
Korea b GDP 0.08 Prob. F(2,26) 0.92 0.08 Prob. F(l,28) 0.78 0.65 Prob. F(4,26) 0.63 49.16 0.00
Energy 0.19 Prob. F(2,24) 0.83 0,02 Prob. F(l,27) 0.88 0.43 Prob. F(6,23) 0.85 9.79 0.01
Luxem bourg GDP 0.02 Prob. F(2,37) 0.98 0.92 Prob. F(l,39) 0.34 0.35 Prob. F(4,37) 0.84 7.35 0.03
Energy 0.10 Prob. F(2,37) 0.91 0.09 Prob. F(l,39) 0.77 0.42 Prob. F(4,37) 0.79 2.26 0.32
Mexico b GDP 0.02 Prob. F(2,26) 0.98 0.08 Prob. F(l,28) 0.78 0.55 Prob. F(4,26) 0.70 4.47 0.11
Energy 0.94 Prob. F(2,22) 0.41 0.01 Prob. F(l,26) 0.94 1.11 Prob. F(8,20) 0.40 0.71 0.70
N etherlands GDP 0.60 Prob. F(2,31) 0.55 2.99 Prob. F(l,36) 0.09 1.33 Prob. F( 10,25 0.26 1.27 0.53
Energy 0.S3 Prob. F(2,23) 0.45 0.31 Prob. F(l,33) 0.58 1.19 Prob. F(20,lf 0.37 0.10 0.95
New Zealand GDP 1.48 Prob. F(2,19) 0.25 1.05 Prob. F( 1.31) 0.31 0.55 Prob. F(24,9) 0.88 3.58 0.17
Energy 1.57 Prob. F(2,37) 0.22 1.97 Prob. F(l,39) 0.17 0.61 Prob. F(4,37) 0.65 0.65 0.72
N onvay GDP 0.46 Prob. F(2,35) 0.64 0.07 Prob. F(l,38) 0.80 0.81 Prob. F(6,34) 0.57 1.44 0.49
Energy 1.03 Prob. F(2,34) 0.37 1.52 Prob. F(l,38) 0.23 0.61 Prob. F(8,32) 0.76 1.63 0.44
Poland GDP 1.06 Prob. F{2,37) 0.36 0.54 Prob. F(l,39) 0.47 2.04 Prob. F(4,37) 0 .11 57.67 0.00
Energy 1.00 Prob. F(2,37) 0.38 0.11 Prob. F(l,39) 0.74 1.83 Prob. F(4,37) 0.14 143.26 0.00
Portugal GDP 0.11 Prob. F(2,19) 0.89 0.03 Prob. F(l,32) 0.87 2.35 Prob. F(26.8) 0.10 0.24 0.89
Energy 0.15 Prob. F(2,35) 0.86 ■ 1.00 Prob. F(l,38) 0.32 1.34 Prob. F{6,34) 0.27 0.73 0.70
Slovakia b GDP 1.19 Prob. F(2,24) 0.32 0.06 Prob. F(l,27) 0.81 0.82 Prob. F(6,23) 0.57 195.80 0.00
Energy 0.48 Prob. F(2,24) 0.62 1.17 Prob. F(t,27) 0.29 0.44 Prob. F(6,23) 0.84 1.32 0.52
Spain GDP 1.59 Prob. F(2,37) 0.22 0.01 Prob. F( 1,39) 0.92 0.30 Prob. F(4,37) 0.88 0.38 0.83
Energy 1.69 Prob. F(2,33) 0.20 1.56 Prob. F(l,37) 0.22 2.29 Prob. F(8,31) 0.05 1.21 0.55
Sweden GDP 1.71 Prob. F(2,37) 0.20 0.80 Prob. Ff 1.39) 0.38 3.12 Prob. F{4,37) 0.03 1.31 0.52
Energy 0.05 Prob. F(2,37) 0.95 0.34 Prob. F(l,39) 0.56 0.15 Prob. F(4,37) 0.96 0.24 0.89
Switzerland GDP 1.73 Prob. F(2,36) 0.19 0.10 Prob. F(l,39) 0.75 3.90 Prob. F(6,35) 0.00 5.78 0.06
Energy 1.60 Prob. F(2,24) 0.22 0.42 Prob. F(l,33) 0.52 0.93 Prob. F(18,17 0.56 8.39 0.02
Turkey GDP 0.01 Prob. F(2,37) 0.99 0.66 Prob. FC1.39) 0.42 0.33 Prob. F(4,37) 0.86 8.31 0.02
Energy 0.01 Prob. F(2,37) 0.99 0.47 Prob. F(l,39) 0.50 0.17 Prob. F(4,37) 0.95 5.98 0.05
UK GDP 0.10 Prob. F(2.35) 0.91 2.11 Prob. F(l,38) 0.15 3.54 Prob. F(6,34) 0.01 12.31 0.00
Energy 1.05 Prob. F(2,37) 0.36 0.81 Prob. F(l,39) 0.37 1.56 Prob. F(4,37) 0.21 12.88 0.00
USA GDP 0.80 Prob. F(2,35) 0.46 0.00 Prob. F(1.38) 0.97 1.18 Prob. F(6,34) 0.34 4.13 0.13
Energy 0.41 Prob. F(2,35) 0.67 1.16 Prob. F(l,38) 0.29 0.76 Prob. F(6,34) 0.61 1.31 0.52
Notes:
D ata fo r most countries covers the period 1960-2003 o ther than: 
* where data  covers the period 1965-2003; and
b w here d ata  covers the period 1971-2003.
Em pty cell for th e  H eteroskedasticity test refers to the unavailability o f results due to insufficient num ber of observation.
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Table A.2 : Diagnostic test for non-OECD countries (Energy and GDP)
C ountries E qua tion A C A RCH H eteroskedasitic ity N on-N orm ality
F -s ta t P robab ility F -stat. P robab ility F-stat. P robab ility X -stat. ProbJt'{2)
A lbania G DP 0.46 Prob. F(2,26) 0.64 1.34 Prob. F(l,28) 0.26 0.54 Prob. F(4,26) 0.70 38.00 0.00
E nergy 0.52 Prob. F(2,26) 0.60 0.75 Prob. F(l,28) 0.39 0.69 Prob. F{4,26) 0.61 8.55 0.01
A lgeria G DP 2.47 Prob. F(2,24) 0.11 3.75 Prob. F (l,27) 0.06 0.20 Prob. F{6,23) 0.97 0.92 0.63
Energy 0.07 Prob. F(2,26) 0.93 0.07 Prob. F(l,28) 0.80 0.39 Prob. F(4,26) 0.81 6.38 0.04
Angola G DP 0.15 Prob. F(2,26) 0.86 1.31 Prob. F(l,28) 0.26 2.68 Prob. F(4,26) 0.05 0.79 0.67
E nergy 8.47 Prob. F(2,14) 0.00 8.47 Prob. F(2,14) 0.00 19.33 Prob. F(16,8) 0.00 0.66 0.72
A rgentina GDP 1.72 Prob. F(2,26) 0.20 0.28 Prob. F( 1,28) 0.60 0.86 Prob. F(4,26) 0.50 1.69 0.43
Energy 0.67 Prob. F(2,26) 0.52 0.58 Prob. F (l,28) 0.45 0.08 Prob. F(4,26) 0.99 0.70 0.70
Bali rain G DP 2.30 Prob. F(2,18) 0.13 0.99 Prob. F(l,24) 0.33 1.00 Prob. F(12,14 0.50 3.07 0.22
Energy 0.41 Prob. F(2,22) 0.67 0.34 Prob. F (l,26) 0.56 0.62 Prob. F(8,20) 0.75 20.20 0.00
Bangladesh GDP 1.52 Prob. F(2,14) 0.25 0.39 Prob. F(I,22) 0.54 0.42 Prob. F(16,8) 0.93 0.29 0.87
Energy 0.12 Prob. F(2,26) 0.88 0.39 Prob. F( 1,28) 0.54 0.40 Prob. F(4,26) 0.81 0.73 0.69
Benin GDP 0.40 Prob. F(2,26) 0.67 0.01 Prob. F( 1,28) 0.94 0.55 Prob. F(4,26) 0.70 3.36 0.19
Energy 0.06 Prob. F(2,26) 0.94 0.05 Prob. F (l,28) 0.83 0.29 Prob. F(4,26) 0.88 756.75 0.00
Bolivia G D P 0.05 Prob. F(2,20) 0.95 0.00 Prob. F(l,26) 0.99 3.91 Prob. F(12,16 0.01 1.21 0.55
Energy 0.05 Prob. F(2,26) 0.95 0.30 Prob. F(l,28) 0.59 0.54 Prob. F(4,26) 0.71 39.45 0.00
Brazil GDP 0.31 Prob. F(2,12) 0.74 0.37 Prob. F(l,22) 0.55 9.90 Prob. F(20,4) 0.02 0.50 0.78
Energy 0.57 Prob. F(2,18) 0.57 1.72 Prob. F(l,24) 0.20 0.47 Prob. F(12,14 0.90 1.44 0.49
B runei GDP 0.22 Prob. F(2,14) 0.80 0.03 Prob. F(l,24) 0.87 1.25 Prob. F(20,6) 0.42 0.92 0.63
Energy 2.46 Prob. F(2,16) 0.12 0.00 Prob. F(l,23) 0.98 0.94 Prob. F (14,11 0.55 0.24 0.89
Bulgaria G DP 0.15 Prob. F(2,26) 0.86 0.04 Prob. F (l,28) 0.84 1.54 Prob. F(4,26) 0.22 7.73 0.02
Energy 2.01 Prob. F(2,26) 0.15 0.28 Prob. F(t,28) 0.60 1.09 Prob. F(4,26) 0.38 28.84 0.00
Cam eroon GDP 0.40 Prob. F(2,14) 0.68 12.22 Prob. F (l,22) 0.00 0.77 Prob. F(16,8) 0.69 10.16 0.01
Energy 0.41 Prob. F(2,26) 0.67 0.03 Prob. F(l,28) 0.85 0.75 Prob. F(4,26) 0.57 673.32 0.00
Chile GDP 3.73 Prob. F(2,20) 0.04 1.08 Prob. F(l,25) 0.31 1.10 Prob. F(10,17 0.41 1.12 0.57
Energy 0.04 Prob. F(2.20) 0.96 0.05 Prob. F(l,25) 0.82 0.45 Prob. F(10,17 0.90 0.32 0.85
C hina GDP 1.43 Prob. F(2,14) 0.27 1.08 Prob. F(l,22) 0.31 0.56 Prob. F (I6,8) 0.84 3.10 0.21
Energy 0.60 Prob. F(2,26) 0.55 0.09 Prob. F(l,28) 0.77 0.95 Prob. F(4,26) 0.45 191.47 0.00
C olom bia GDP 0.48 Prob. F(2,14) 0.63 0.14 Prob. F(l,22) 0.71 0.37 Prob. F(16,8) 0.96 0.70 0.70
E nergy 0.64 Prob. F(2,22) 0.54 0.30 Prob. F(l,26) 0.59 0.45 Prob. F(8,20) 0.87 7.66 0.02
Congo GDP 0.59 Prob. F(2,24) 0.56 0.91 Prob. F (l,27) 0.35 0.41 Prob. F(6,23) 0.87 0.51 0.77
Energy 0.13 Prob. F(2,26) 0.88 0.03 Prob. F (l,28) 0.86 0.17 Prob. F(4,26) 0.95 378.76 0.00
Congo Rep. GDP 0.20 Prob. F(2,23) 0.82 0.08 Prob. F(I,27) 0.78 3.62 Prob. F (8 ,21) 0.01 25.38 0.00
Energy 0.37 Prob. F(2,24) 0.69 0.11 Prob. F(i,27) 0.74 117.06 Prob. F(6,23) 0.00 54.36 0.00
Costa Rica G DP 0.86 Prob. F(2,26) 0.43 7.14 Prob. F<1,28) 0.01 2.49 Prob. F(4,26) 0.07 1.99 0.37
Energy 0.18 Prob. F(2,26) 0.83 0.23 Prob. F (l,28) 0.63 0.16 Prob. F(4,26) 0.96 7.60 0.02
Cote d 'Ivo ire GDP 9.50 Prob. F(2,12) 0.00 5.06 Prob. F (l,22) 0.03 1.40 Prob. F(20,4) 0.41 2.41 0.30
Energy 0.10 Prob. F(2,26) 0.91 0.04 Prob. F(l,28) 0.85 0.20 Prob. F(4,26) 0.93 696.89 0.00
C uba GDP 0.09 Prob. F(2,26) 0.91 0.01 Prob. F (l,28) 0.90 2.79 Prob. F(4,26) 0.05 16.87 0.00
Energy 0.05 Prob. F(2,24) 0.95 0.10 Prob. F( 1,27) 0.76 1.61 Prob. F(6,23) 0.19 1.63 0.44
C yprus GDP 1.52 Prob. F (2 ,15) 0.25 0.63 Prob. F(l,23) 0.44 0.75 Prob. F(16,9) 0.71 2.78 0.25
Energy 1.17 Prob. F(2,13) 0.34 0.02 Prob. F (l,24) 0.89 2.89 Prob. F(22,4) 0.16 2.38 0.30
D om inican Rep. GDP 0.08 Prob. F(2,17) 0.92 2.18 Prob. F (l,24) 0.15 0.52 Prob. F(14,12 0.88 0.39 0.82
E nergy 0.04 Prob. F(2,26) 0.96 0.18 Prob. F (l,28) 0.68 0.82 Prob. F(4,26) 0.52 27.52 0.00
E cuador GDP 1.28 Prob. F(2,22) 0.30 0.04 Prob. F( 1,26) 0.85 0.84 Prob. F(8,20) 0.58 2.21 0.33
Energy 0.41 Prob. F(2,26) 0.67 0.00 Prob. F( 1,28) 1.00 0.25 Prob. F(4,26) 0.91 1.46 0.48
Egypt GDP 0.71 Prob. F(2,24) 0.50 0.21 Prob. F (l,27) 0.65 0.15 Prob. F(6,23) 0.99 22.06 0.00
Energy 3.32 Prob. F(2,10) 0.08 0.33 Prob. F (l,22) 0.57 0.56 0.76
El S alvador GDP 0.23 Prob. F(2,24) 0.80 0.02 Prob. F (l,27) 0.89 0.60 Prob. F(6,23) 0.73 3.06 0.22
Energy 0.98 Prob. F(2,20) 0.39 0.00 Prob. F (l,25) 1.00 1.27 Prob. F(10,17 0.32 1.36 0.51
E thiopia GDP 0.28 Prob. F(2,23) 0.76 7.61 Prob. F( 1,27) 0.01 1.12 Prob. F(8,21) 0.39 2.37 0.31
Energy 3.57 Prob. F(2,25) 0.04 0.08 Prob. F( 1,28) 0.78 26.69 Prob. F(6,24) 0.00 29.49 0.00
G abon GDP 0.07 Prob. F(2,14) 0.93 0.06 Prob. F (l,22) 0.80 0.25 Prob. F(16,8) 0.99 41.87 0.00
E nergy 0.33 Prob. F(2,24) 0.72 0.09 Prob. F( 1,27) 0.77 0.09 Prob. F(6,23) 1.00 220.15 0.00
G hana GDP 2.93 Prob. F(2,9) 0.10 0.02 Prob. F( 1,22) 0.88 2.28 0.32
Energy 1.11 Prob. F(2,12) 0,36 0 .1 1 Prob. F (l,22) 0.75 1.56 Prob. F(20,4) 0.36 2.15 0.34
G ib ra lta r G DP 0.56 Prob. F(2,l 1) 0.59 0.39 Prob. F( 1,22) 0.54 0.40 Prob. F(22,2) 0.89 1.28 0.53
Energy 0.13 Prob. F(2,14) 0.88 0.65 Prob. F(l,22) 0.43 0.49 Prob. F(16,8) 0.89 5.92 0.05
G uatem ala GDP 0.09 Prob. F(2,12) 0.91 0.26 Prob. F (l,23) 0.62 0.90 Prob. F(22,3) 0.63 0.63 0.73
Energy 0.24 Prob. F(2,26) 0.79 0.00 Prob. F (l,28) 0.95 0.18 Prob. F(4,26) 0.95 22.89 0.00
H aiti GDP 1.75 Prob. F(2,26) 0.19 0.00 Prob. F (l,28) 0.99 0.37 Prob. F(4,26) 0.83 20.41 0.00
E nergy 0.95 Prob. F(2,26) 0.40 0.01 Prob. F (l,28) 0.92 0.68 Prob. F(4,26) 0.62 6.36 0.04
H onduras GDP 0.55 Prob. F(2,14) 0.59 0.44 Prob. F( 1,22) 0.51 0.19 Prob. F(16,8) LOO 12.96 0.00
Energy 4.60 Prob. F(2,24) 0.02 0.25 Prob. F (l,27) 0.62 2.89 Prob. F(6,23) 0.03 28.79 0.00
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Table A.2 : continued
C ountries E quation AC A R C H H cteroskedasiticity N on-N orm ality
F -s ta t P robab ility F -stat. P robab ility F-stat. P robab ility rrobJi*(2)
H ong Kong GDP 0.95 Prob. F(2,18) 0.41 0.21 Prob. F ( 1,24) 0.65 0.40 Prob. F(12,14 0.94 0.28 0.87
Energy 1.55 Prob. F(2,16) 0.24 1.71 Prob. F (l,23) 0.20 0.67 Prob. F (14,l 1 0.76 0.29 0.86
India GDP 0.84 Prob. F(2,26) 0.44 0.25 Prob. F{1,28) 0.62 0.46 Prob. F(4,26) 0.76 48.30 0.00
Energy 0.10 Prob. F(2,26) 0.90 0.03 Prob. F( 1,28) 0.86 0.24 Prob. F(4,26) 0.91 902.60 0.00
Indonesia GDP 0.62 Prob. F(2,26) 0.55 0.33 Prob. F (l,28) 0.57 0.35 Prob. F(4,26) 0.84 45.23 0.00
Energy 0.66 Prob. F(2,26) 0.53 0.51 Prob. F (l,28) 0.48 0.71 Prob. F(4,26) 0.59 1.46 0.48
Iran G DP 0.74 Prob. F(2,14) 0.49 0.74 Prob. F{2,14) 0.49 3.41 Prob. F(16,8) 0.04 0.09 0.95
Energy 0.21 Prob. F(2,16) 0.81 0.00 Prob. F (l,23) 0.97 0.2! Prob. F(2,16) 0.81 1.03 0.60
Iraq G DP 0.31 Prob. F(2,26) 0.74 2.93 Prob. F (l,28) 0.10 1.16 Prob. F(4,26) 0.35 2.66 0.26
Energy 2.23 Prob. F(2,16) 0.14 0.01 Prob. F (l,23) 0.92 0.38 Prob. F(14,l 1 0.95 2.57 0.28
Israel GDP 0.50 Prob. F(2,26) 0.61 7.36 Prob. F (l,28) 0.01 0.47 Prob. F(4,26) 0.75 1.23 0.54
Energy 0.37 Prob. F(2,24) 0.69 0.17 vProb. F (l,27) 0.68 0.51 Prob. F(6,23) 0.80 2.23 0.33
Jam aica GDP 0.22 Prob. F{2,24) 0.80 0.35 Prob. F{1,27) 0.56 0.25 Prob. F(6,23) 0.95 1.00 0.61
Energy 0.07 Prob. F(2,22) 0.94 0.07 Prob. F (l,26) 0.80 0.34 Prob. F(8,20) 0.94 0.73 0.70
Jo rd an GDP 0.07 Prob. F(2,14) 0.93 0.22 Prob. F (l,24) 0.64 1.93 Prob. F(20,6) 0.21 7.34 0.03
Energy 1.78 Prob. F(2.15) 0.20 0.99 Prob. F (l,24) 0.33 3.01 Prob. F(18,8) 0.06 0.46 0.79
K enya GDP 0.30 Prob. F{2,16) 0.74 2.17 Prob. F (l,23) 0.15 0.41 Prob. F(14,l 1 0.94 0.56 0.76
Energy 0.14 Prob. F(2,22) 0.87 0.11 Prob. F (l,26) 0.74 3.70 Prob. F(8,20) 0 .0 1 211.56 0.00
K uw ait G DP 3.30 Prob. F(2,26) 0.05 3.19 Prob. F (l,28) 0.09 10.16 Prob. F(4,26) 0.00 0.21 0.90
Energy 1.58 Prob. F(2,I9) 0.23 0 .01 Prob. F (l,25) 0.92 1.39 Prob. F(12,lf 0.27 92.37 0.00
Lebanon GDP 0.52 Prob. F(2,8) 0.62 0.13 Prob. F (l,22) 0.72 0.26 0.88
Energy 4.65 Prob. F(2,14) 0.03 0.72 Prob. F (l,23) 0.40 1.47 Prob. F(18,7) 0.31 1.45 0.48
Libya GDP 0.30 Prob. F(2,20) 0.74 0.00 Prob. F (l,25) 0.96 3.46 Prob. F<10,17 0.01 9.28 0.01
Energy 1.15 Prob. F(2,8) 0.36 3.00 Prob. F (l,22) 0.10 4.73 0.09
M alaysia GDP 0.39 Prob. F(2,26) 0.68 0.15 Prob. F (l,28) 0.70 0.14 Prob. F(4,26) 0.97 26.28 0.00
Energy 0.52 Prob. F(2,20) 0.60 4.20 Prob. F (l,25) 0.05 1.78 Prob. F (i0 ,l7 0.14 0.48 0.79
M alta G DP 0.19 Prob. F(2,16) 0.83 0.23 Prob. F (l,24) 0.64 1.55 Prob. F(16,1C 0.24 1.85 0.40
Energy 0.63 Prob. F(2,25) 0.54 5.55 Prob. F (l,28) 0.03 2.97 Prob. F(6,24) 0.03 0.15 0.93
M orocco GDP 3.14 Prob. F(2,16) 0.07 0.13 Prob. F (l,23) 0.72 1.22 Prob. F(14,l 1 0-38 1.17 0.56
Energy 0.13 Prob. F(2,16) 0.88 0.01 Prob. F (l,23) 0.91 2.05 Prob. F(14,l 1 0.12 1.21 0.55
M ozam bique GDP 0,37 Prob. F(2,26) 0.69 0.05 Prob. F{1,28) 0.83 0.52 Prob. F(4,26) 0.72 0.32 0.85
Energy 0.74 Prob. F(2,26) 0.49 0.03 Prob. F (l,28) 0.87 0.97 Prob. F(4,26) 0.44 807.74 0.00
M yanm ar GDP 0.13 Prob. F(2,22) 0.88 4.42 Prob. F (l,26) 0.05 0.20 Prob. F(8,20) 0.99 0.18 0.91
Energy 0.47 Prob. F(2,26) 0.63 0.04 Prob. F (l,28) 0.84 0.43 Prob. F(4,26) 0.79 892.79 0.00
Nepal GDP 0.06 Prob. F(2,19) 0.94 0.14 Prob. F (l,25) 0.71 0.22 Prob. F(12,15 0.99 13.30 0.00
Energy 0.01 Prob. F(2,26) 0.99 0.04 Prob. F (l,28) 0.84 0.49 Prob. F(4,26) 0.74 872.51 0.00
N icaragua GDP 0.78 Prob. F(2,26) 0.47 0.47 Prob. F (l,28) 0.50 1.63 Prob. F(4,26) 0.20 5.81 0.05
Energy 0.43 Prob. F(2,26) 0.66 0.84 Prob. F( 1,28) 0.37 2.00 Prob. F(4,26) 0.12 10.77 0.00
Nigeria GDP 0.10 Prob. F(2,26) 0.91 0.01 Prob. F(l,28) 0.94 0.20 Prob. F(4,26) 0.93 4.60 0.10
Energy 0.23 Prob. F(2,26) 0.79 0.02 Prob. F (l,28) 0.90 0.89 Prob. F(4,26) 0.48 662.49 0.00
O m an GDP 0.49 Prob. F (2 ,15) 0.62 0.24 Prob. F (l,24) 0.63 0.48 Prob. F(18,8) 0.90 2.07 0.36
Energy 0.03 Prob. F(2,21) 0.97 0.00 Prob. F (l,26) 0.95 0.32 Prob. F(10,18 0.96 0.55 0.76
Pakistan GDP 0.26 Prob. F(2,26) 0.78 0.01 Prob. F( 1,28) 0.94 0.49 Prob. F(4,26) 0.74 1.68 0.43
Energy 0.87 Prob. F(2,26) 0.43 0.03 Prob. F (l,28) 0.86 0.99 f  rob. F(4,26) . !>43 635.39 0.00
P anam a GDP 2.13 Prob. F(2,26) 0.14 0.99 Prob. F (l,28) 0.33 0.50 Prob. F(4,2o) 0.73 11.13 0.00
Energy 0.40 Prob. F(2,24) 0.67 0.49 Prob. F (l,27) 0.49 2,69 Prob. F(6,23) 0.04 2.22 0.33
P araguay GDP 1.65 Prob. F(2,I4) 0.23 0.00 Prob. F (l,22) 0.98 5.72 Prob. F (!6,8) 0.01 0.45 0.80
Energy 0.11 Prob. F (2 ,18) 0.90 0.06 Prob. F (l,24) 0.80 0.30 Prpb. F(12,14 0.98 1.08 0.58
Peru GDP 0.94 Prob. F(2,26) 0.40 1.33 Prob. F (l,28) 0.26 4.19 Prob. F(4,26) 0.01 2.35 0.31
Energy 0.98 Prob. F(2,26) 0.39 0.25 Prob. F (l,28) 0.62 0.53 Prob. F(4,26) 0.72 4.01 0.13
Philippines GDP 0.87 Prob. F(2,19) 0.44 0.33 Prob. F (l,25) 0.57 1.96 Prob. F(12,15 0.11 5.29 0.07
Energy 0.00 Prob. F(2,20) 1.00 0.51 Prob. F (l,25) 0.48 0.65 Prob. F(!0,17 0.75 0.41 0.81
Q ata r GDP 0.24 Prob. F{2,17) 0.79 0.54 Prob. F (l,24) 0.47 0.49 Prob. F( 14,12 0.90 0.34 0.84
Energy 0.91 Prob. F (2 ,i7) 0.42 0.13 Prob. F( 1,25) 0.72 3.46 Prob. F( 16,11 0.02 9.16 0.01
R om ania GDP 0.17 Prob. F(2,26) 0.84 1.43 Prob. F (l,28) 0.24 1.16 Prob. F(4,26) 0.35 6.74 0.03
Energy 0.62 Prob. F(2,14) 0.55 0.00 Prob. F(I,22) 0.97 1.50 Prob. F(16,8) 0.29 LSI 0.41
Saudi A rab ia GDP 0.14 Prob. F(2,14) 0.87 0.04 Prob. F (l,23) 0.84 3.96 Prob. F( 18,7) 0.04 1.30 0.52
Energy 0.12 Prob. F(2,15) 0.89 0.99 Prob. F (l,23) 0.33 0.70 Prob. F(16,9) 0.74 0.78 0.68
Senegal GDP 0.77 Prob. F(2,24) 0.47 1.18 Prob. F (l,27) 0.29 0.50 Prob. F(6,23) 0.80 0.03 0.99
Energy 0.06 Prob. F(2,26) 0.95 0.00 Prob. F (l,28) 0.99 0.80 Prob. F(4,26) 0.54 401.00 0.00
Singapore GDP 0.37 Prob. F(2,22) 0.70 1.74 Prob. F (l,26) 0.20 0.52 Prob. F(8,20) 0.83 1.44 0.49
Energy 0.69 Prob. F(2,26) 0.51 0.80 Prob. F(l,28) 0.38 0.97 Prob. F(4,26) 0.44 0.30 0.86
Sri L anka GDP 0.37 Prob. F(2,26) 0.70 0.03 Prob. F (l,28) 0.87 0.60 Prob. F(4,26) 0.67 12.60 0.00
Energy 0.29 Prob. F(2,22) 0.75 0.01 Prob. F (l,26) 0.90 0.53 Prob. F(8,20) 0.82 20.69 0.00
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Table A.2 ; continued
C ountries E quation A C A RCH H eteroskedasitic ity N on-N orm ality
F-stat. P robab ility F -stat. P robab ility F -s ta t P ro bab ility Prob.X'(2)
Sudan GDP 0.73 Prob. F(2,24) 0.49 5.11 Prob. F (l,27) 0.03 0.49 Prob. F(6,23) 0.81 0.62 0.73
E nergy 0.38 Prob. F(2,14) 0.69 0.00 Prob. F (l,22) 0.97 17.00 Prob. F(16,8) 0.00 6.91 0.03
T aiw an G D P 1.19 Prob. F(2,10) 0.34 2.86 Prob. F (l,22) 0.10 2.44 0.30
Energy 0.09 Prob. F(2,26) 0.91 0.08 Prob. F (l,28) 0.78 0.16 Prob. F(4,26) 0.96 196.56 0.00
T anzan ia GDP 0.61 Prob. F(2,26) 0.55 0.00 Prob. F (l,28) 0.95 1.85 Prob. F(4,26) 0.15 2.02 0.36
Energy 0.29 Prob. F(2,26) 0.75 0.03 Prob. F (l,28) 0.87 0.51 Prob. F(4,26) 0.73 811.77 0.00
T hailand G DP 0.45 Prob. F(2,26) 0.64 4.18 Prob. F(l,28) 0.05 1.34 Prob. F(4,26) 0.28 34.76 0.00
Energy 0.04 Prob. F(2,26) 0.97 0.11 Prob. F (l,28) 0.74 0.89 Prob. F(4,26) 0.49 3.80 0.15
Togo G DP 0.04 Prob. F(2,26) 0.97 2.88 Prob. F (l,28) 0.10 2.47 Prob. F(4,26) 0.07 0.92 0.63
Energy 0.87 Prob. F(2,18) 0.44 0.48 Prob. F (l,25) 0.49 0.56 Prob. F( 14,13 0.86 6.69 0.04
T rin id ad  & Tob G DP 0.04 Prob. F(2,24) 0.96 1.29 Prob. F (l,27) 0.27 0.27 Prob. F(6,23) 0.94 0.98 0.61
Energy 0.64 Prob. F(2,26) 0.54 1.65 Prob. F (l,28) 0.21 4.85 Prob. F(4,26) 0.00 16.78 0.00
T unisia G DP 0.86 Prob. F(2,24) 0.44 1.97 Prob. F (l,27) 0.17 0.94 Prob. F(6,23) 0.49 3.14 0.21
Energy 0.17 Prob. F(2,26) 0.85 0.00 Prob. F (l,28) 0.97 0.11 Prob. F(4,26) 0.98 0.39 0.82
U nited A rab  
E m irates
G DP 0.99 Prob. F(2,13) 0.40 0.03 Prob. F (l,22) 0.86 1.89 Prob. F(18,6) 0.22 2.22 0.33
Energy 2.62 Prob. F(2,9) 0.13 0.20 Prob. F( 1,22) 0.66 1.02 0.60
U ruguay G DP 0.69 Prob. F(2,20) 0.51 0.43 Prob. F{1,25) 0.52 0.27 Prob. F(10,17 0.98 1.65 0.44
E nergy 1.13 Prob. F(2,26) 0.34 0.58 Prob. F (l,28) 0.45 1.60 Prob. F(4,26) 0.20 1.51 0.47
V enezuela G D P 1.19 Prob. F(2,26) 0.32 0.14 Prob. F (l,28) 0.71 0.14 Prob. F(4,26) 0.96 1.88 0.39
Energy 1.86 Prob. F(2,19) 0.18 0.01 Prob. F (l,26) 0.91 1.17 Prob. F{14,14 0.38 0.85 0.66
V ietnam G DP 1.64 Prob. F(2,14) 0.23 1.57 Prob. F (l,22) 0.22 3.66 Prob. F(16,8) 0.03 1.61 0.45
Energy 0.92 Prob. F(2,20) 0.41 0.08 Prob. F (l,25) 0.78 1.87 Prob. F(10.17 0.12 95.02 0.00
Yemen G DP 0.56 Prob. F(2,26) 0.58 0.35 Prob. F (l,28) 0.56 0.27 Prob. F(4,26) 0.89 9.39 0.01
Energy 0.33 Prob. F(2,23) 0.72 0.52 Prob, F (l,2?) 0.48 1.12 Prob. F(8,21) 0.39 1.44 0.49
Z am bia GDP 1.55 Prob. F(2,26) 0.23 0.13 Prob. F (l,28) 0.72 1.04 Prob. F(4,26) 0.41 1.06 0.59
Energy 0.11 Prob. F(2,26) 0.90 0.03 Prob. F (l,28) 0.86 1.42 Prob. F(4,26) 0.26 799.86 0.00
Z im babw e G DP 0.07 Prob. F(2,26) 0.93 1.82 Prob. F (l,28) 0.19 1.25 Prob. F(4,26) 0.31 1.25 0.53
Energy 1.88 Prob. F(2,26) 0.17 0.04 Prob. F (l,28) 0.85 0.25 Prob. F(4,26) 0.91 554.98 0.00
Note:
D ata fo r all countries covers the period  1971-2003,
E m p ty  cells fo r the  H eteroskedasticity  te st re fe r to the unavailab ility  of resu lts  due  to  insufficient nu m b er o f  observation .
300
Table A.3 : Diagnostic test for OECD countries (Electricity and GDP)
Countries Equation AC ARCH Heteroskcdasiticity N on-Normality
F-stat. P robability F-stat. P robability F-stat. Probability X-slat. Prob.x'<2)
0.00A ustralia GDP 0.26 Prob. F(2,33) 0.77 0.01 Prob. F(l,37) 0.92 0.52 Prob. F(8,31) 0.83 25.47
Electricity 1.17 Prob. F(2,30) 0.32 1.51 Prob. F(l,36) 0.23 0.90 Prob. F(12,2f 0.56 0.26 0.88
A ustria GDP 0.78 Prob. F(2,33) 0.47 0.38 Prob. F(l,37) 0.54 0.47 Prob. F(8,31) 0.87 1.15 0.56
Electricity 0.88 Prob. F(2,37) 0.42 0.03 Prob. F(l,39) 0.87 0.58 Prob. F(4,37) 0.68 2.54 0.28
Belgium GDP 2.05 Prob. F(2,34) 0.14 2.13 Prob. F(l,38) 0.15 1.53 Prob. F(8,32) 0.19 2.64 0.27
Electricity 0.84 Prob. F(2,34) 0.44 0.42 Prob. F(l,38) 0.52 0.83 Prob. F(8,32) 0.58 33.24 0.00
C anada GDP 0.40 Prob. F(2,36) 0.68 0.17 Prob. F(I,39) 0.68 0.34 Prob. F(6,35) 0.91 13.10 L o.oo
Electricity 0.17 Prob. F(2,27) 0.84 0.84 Prob. F(l,35) 0.37 0.61 Prob. F( 16,21 0.84 0.48 0.79
Czech Rep. GDP 0.17 Prob. F(2,37) 0.85 0.06 Prob. F(l,39) 0.81 0.13 Prob. F(4,37) 0.97 689.76 0.00
Electricity 0.07 Prob. F(2,37) 0.94 0.03 Prob. F( 1,39) 0.87 0.27 Prob. F{4,37) 0.90 2324.18 0.00
D enm ark GDP 0.47 Prob. F(2,21) 0.63 0.56 Prob. F(l,33) 0.46 1.14 Prob. F(24,l 1 0.43 2.64 0.27
Electricity 0.05 Prob. F(2,24) 0.95 0.26 Prob. F( 1,33) 0.61 2.94 Prob. F(18,17 0.02 51.73 0.00
Finland GDP 0.81 Prob. F(2,35) 0.45 0.00 Prob. F(l,38) 0.96 0.89 Prob. F(6,34) 0.51 6.53 0.04
Electricity 0.07 Prob. F(2,34) 0.93 0.00 Prob. F(l,38) 0.96 1.32 Prob. F(8,32) 0.27 4.28 0.12
France GDP 0.29 Prob. F{2,33) 0.75 0.00 Prob. F(l,37) 0.99 1.35 Prob. F(8,31) 0.26 0.65 0.72
Electricity 1.35 Prob. F(2,37) 0.27 0.04 Prob. F(l,39) 0.84 0.98 Prob. F(4,37) 0.43 1.41 0.50
Germany GDP 1.74 Prob. F (2^2) 0.20 0.18 Prob. F( 1,32) 0.67 0.99 Prob. F (20,F 0.52 0.31 0.86
Electricity 0.15 Prob. F(2,35) 0.86 0.02 Prob. F(l,38) 0.89 3.82 Prob. F(6,34) 0.01 180.84 0.00
Greece GDP 0.55 Prob. F(2,21) 0.58 Q.00 Prob. F(l,32) 0.95 1.99 Prob. F(22,12 0.11 5.67 0.06
Electricity 0.53 Prob. F(2,14) 0.60 0.18 Prob. F( 1,31) 0.67 1.87 0.39
H ungary * GDP 0.13 Prob. F(2,32) 0.88 0.10 Prob. F(t,34) 0.75 0.52 Prob. F(4,32) 0.72 31.20 0.00
Electricity 1.18 Prob. F(2,32) 0.32 0.65 Prob. F(i,34) 0.42 1.46 Prob. F(4,32) 0.24 1.58 0.45
Iceland GDP 0.01 Prob. F(2,17) 0,99 1.22 Prob. F(i,32) 0.28 3.58 Prob. F(30,4) 0.11 0.01 0.99
Electricity 1.57 Prob. F(2,37) 0.22 2.02 Prob. F(l,39) 0.16 3.02 Prob. F(4,37) 0.03 138.70 0.00
Ireland GDP 0.15 Prob. F(2,22) 0.87 1.11 Prob. F(l,32) 0.30 0.39 Prob. F (20,F 0.97 1.06 0.59
Electricity 1.08 Prob. F(2,17) 0.36 0.00 Prob. F( 1,32) 0.96 2.11 Prob. F(30,4) 0.25 0.87 0.65
Italy GDP 1.27 Prob. F(2,37) 0.29 7.64 Prob. F( 1,39) 0.01 3.43 Prob. F(4,37) 0.02 1.41 0.50
Electricity 0.31 Prob. F(2,33) 0.74 1.95 Prob. F(1,37) 0.17 2.75 Prob. F(8,31) 0.02 1.37 0.50
Japan GDP 2.07 Prob. F(2,23) 0.15 0.16 Prob. F(l,32) 0.69 3.25 Prob. F(18,l( 0.01 7.85 0.02
Electricity 1.05 Prob. F(2,26) 0.36 0.71 Prob. F(l,35) 0.41 0.65 Prob. F(18,IS 0.82 1.98 0.37
Korea b GDP 0.02 Prob. F(2,24) 0.98 0.05 Prob. F(l,27) 0.83 0.43 Prob. F(6,23) 0.85 56.78 0.00
Electricity 1.51 Prob. F(2,26) 0.24 0.19 Prob. F(l,28) 0.66 0.92 Prob. F(4,26) 0.46 8.19 0.02
Luxembourg GDP 0.13 Prob. F(2,37) 0.88 1.26 Prob. F(l,39) 0.27 7.92 Prob. F(4,37) 0.00 0.14 0.93
Electricity 0.71 Prob. F(2,34) 0.50 2.19 Prob. F(l,38) 0.15 1.00 Prob. F(8,32) 0.46 8.05 0.02
Mexico b GDP 0.72 Prob. F(2,24) 0.50 0.00 Prob. F( 1,27) 0.99 1.50 Prob. F(6,23) 0.22 1.80 0.41
Electricity 0.83 Prob. F(2,26) 0.45 0.42 Prob. F(l,28) 0.52 0.09 Prob. F(4,26) 0.99 2.80 0.25
Netherlands GDP 0.66 Prob. F(2,28) 0.53 2.53 Prob. F(l,36) 0.12 1.36 Prob. FC16.22 0.25 0.28 0.87
Electricity 1.06 Prob. F(2,34) 0.36 2.51 Prob. F(l,38) 0.12 1.23 Prob. F(8,32) 0.32 4.88 0.09
New Zealand GDP 1.01 Prob. F(2,24) 0.38 0.12 Prob. F(l,33) 0.73 0.82 Prob. F{18,17 0.66 0.85 0.65
Electricity 1.21 Prob. F(2,20) 0.32 0.47 Prob. F(l,32) 0.50 3.54 Prob. F(24,l(l 0.02 0.32 0.85
Norway GDP 0.89 Prob. F(2,37) 0.42 0.04 Prob. F(l,39) 0.84 0.46 Prob. F(4,37) 0.77 1.42 0.49
Electricity 0.13 Prob. F(2,20) 0.88 0.02 Prob. F(1,33) 0.90 1.60 Prob. F(26,9) 0.23 13.81 0.00
Poland GDP 0.39 Prob. F(2,37) 0.68 0.27 Prob. F(l,39) 0.61 2.25 Prob. F(4,37) 0.08 48.23 0.00
Electricity 0.23 Prob. F(2,37) 0.80 0.62 Prob. F(l,39) 0.44 1.93 Prob. F(4,37) 0.13 4.11 0.13
Portugal GDP ■ 0.23 Prob. F(2,20) 0.79 0.10 Prob. F( 1,32) 0.76 t .39 Prob. F{24,iq 0.30 2.30 0.32
Electricity 0.11 Prob. F(2,17) 0.89 2.65 Prob. F( 1,32) 0.11 1.12 Prob, F(30,4) 0.52 0.12 0.94
Slovakia b GDP 0.09 Prob. F(2,24) 0.92 0.41 Prob. F( 1,27) 0.53 1.22 Prob. F(6,23) 0.33 178.44 0.00
Electricity 0.07 Prob. F(2,26) 0.93 2.83 Prob. F(1,28) 0.10 0.35 Prob. F(4,26) 0.84 0.28 0.87
Spain GDP 1.27 Prob. F(2,37) 0.29 0.10 Prob. F( 1,39) 0.75 0.45 Prob. F(4,37) 0.77 0.86 0.65
Electricity 0.66 Prob. F(2,29) 0.53 0.23 Prob. F(l,36) 0.64 0.91 Prob. F( 14,24 0.56 2.97 0.23
Sweden GDP 2.27 Prob. F(2,37) 0.12 0.48 Prob. F( 1,39) 0.49 2.58 Prob. F(4,37) 0.05 0.97 0.61
Electricity 0.85 Prob. F(2,31) 0.44 0.68 Prob. F(l,37) 0.41 1.32 Prob. F( 12,27 0.26 0.66 0.72
Switzerland GDP 4.82 Prob. F(2,31) 0.01 0.05 Prob. F(l,36) 0.83 1.26 Prob. F(10,28 0.30 5.04 0.08
Electricity 0.29 Prob. F(2,37) 0.75 1.44 Prob. F( 1,39) 0.24 4.50 Prob. F(4,37) 0.00 0.94 0.62
Turkey GDP 0.74 Prob. F(2,37) 0.48 1.07 Prob. F(l,39) 0.31 1.47 Prob. F(4,37) 0.23 4.78 0.09
Electricity 1.03 Prob. F(2,35) 0.37 0.00 Prob. F(l,38) 0.98 1.19 Prob. F(6,34) 0.34 0.56 0.76
UK GDP 0.17 Prob. F(2,35) 0.84 1.99 Prob. F(l,38) 0.17 3.08 Prob. F(6,34) 0.02 13.75 0.00
Electricity 0.17 Prob. F(2,32) 0.85 1.90 Prob. F( 1,3 7} 0.18 1.22 Prob. F(10,29 0.32 4.01 0.13
USA GDP 1.33 Prob. F(Z35) 0.28 0.03 Prob. Ff 1,38) 0.87 0.63 Prob. F(6,34) 0.71 7.49 0.02
Electricity 0.11 Prob. F(2,30) 0.90 0.26 Prob. F( 1,36) 0.62 0.80 Prob. F(12,2( 0.65 9.40 0.01
Notes:
Data fo r most countries covers the period 1960-2003 o ther than : 
* where data  covers the period 1965-2003; and
11 w here data covers the period 1971-2003.
Em pty ceil for the Heteroskedasticity test refers to  the unavailability  o f results due to insufficient num ber o f observation.
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Table A.4 : Diagnostic test for non-OECD countries (Electricity and GDP)
Countries E quation AC A R C H H eteros ked as iticity N on-N orm ality
F -stat. P robab ility F-stat. P robab ility F-stat. P robab ility X'-stat, Proljjc'ci)
A lbania G DP 4.12 Prob. F(2,26) 0.03 1.89 Prob. F(l,28) 0.18 13.71 Prob. F(4,26) 0.00 12.44 0.00
Electricity 0.47 Prob. F(2,26) 0.63 0.25 Prob. F(l,28) 0.62 1.01 Prob. F(4,26) 0.42 3.92 0.14
A lgeria G DP 0.36 Prob. F(2,13) 0.71 0.02 Prob. F (l,22) 0.89 0.60 Prob. F{18,6) 0.82 0.19 0.91
Electricity 0.19 Prob. F(2,26) 0.83 U I Prob. F(l,28) 0.30 1.30 Prob. F(4,26) 0.30 0.68 0.71
Angola G DP 0.37 Prob. F(2,26) 0.70 1.39 Prob. F(l,28) 0.25 4.25 Prob. F(4,26) 0.01 0.95 0.62
Electricity 0.48 Prob. F(2,16) 0.62 1.19 Prob. F(1.24) 0.29 0.50 Prob. F(16,10 0.90 2.79 0.25
A rgentina G DP 0.61 Prob. F(2,24) 0.55 0.22 Prob. F{1,27) 0.64 0.78 Prob. F(6,23) 0.60 1.61 0.45
Electricity 0.16 Prob. F(2,24) 0.85 0.03 Prob. F( 1,27) 0.88 1.31 Prob. F(6,23) 0.29 0.47 0.79
B ahra in  i G DP 0.10 Prob. F(2,12) 0.90 0.95 Prob. F(l,23) 0.34 27.84 Prob. F(22,3) 0.01 0.47 0.79
Electricity 0.26 Prob. F(2,20) 0.77 0.35 Prob. F (l,25) 0.56 0.65 Prob. F(10,17 0.75 2.43 0.30
Bangladesh G DP 0.15 Prob. F(2,14) 0.87 1.03 Prob. F (l,22) 0.32 0.41 Prob. FC16.8) 0.94 4.33 0.11
Electricity 0.70 Prob. F(2,15) 0.51 0.23 Prob. F(l,23) 0.64 0.58 Prob. F(16,9) 0.84 1.07 0.58
Benin G DP 1.19 Prob. F(2,14) 0.33 0.02 Prob. F(l,22) 0.88 9.04 Prob. F(16,8) 0.00 0.56 0.75
Electricity 0.87 Prob. F(2,12) 0.44 0.92 Prob. F(l,22) 0.35 2.03 Prob. F(20,4) 0.26 0.73 0.70
Bolivia G DP 0.78 Prob. F(2,22) 0.47 0.98 Prob. F(l,26) 0.33 0.85 Prob. F(8,20) 0.57 20.42 0.00
Electricity 0.18 Prob. F(2,16) 0.83 0.50 Prob. F(1.23) 0.49 1.79 Prob. F(14,l 1 0.17 0.02 0.99
B razil G DP 0.56 Prob. F(2,24) 0.58 0.20 Prob. F (l,27) 0.66 0.37 Prob. F(6,23) 0.89 2.66 0.26
Electricity 0.21 Prob. F(2,24) 0.81 0.34 Prob. F(l,27) 0.57 0.55 Prob. F(6,23) 0.76 21.87 0.00
B runei GDP 1.07 Prob. F (2 ,18) 0.36 7.28 Prob. F (l,24) 0.01 28.13 Prob. F(12,14 0.00 0.18 0.92
Electricity 0.11 Prob. F(2,26) 0.90 0.33 Prob. F(l,28) 0.57 0.91 Prob. F(4,26) 0.47 12.08 0.00
Bulgaria GDP 0.02 Prob. F(2,26) 0.98 0.26 Prob. F (l,28) 0.61 4.31 Prob. F(4,26) 0.01 17.34 0.00
Electricity 0.28 Prob. F(2,14) 0.76 0.36 Prob. F(l,24) 0.55 1.11 Prob. F(20,6) 0.49 2.56 0.28
Cam eroon GDP 0.09 Prob. F(2,9) 0.91 0.21 Prob. F (l,22) 0.65 1.54 0.46
Electricity 3.18 Prob. F(2,20) 0.06 0.00 Prob. F(l,25) 0.95 1.74 Prob. F(10,17 0.15 1.75 0.42
Chile GDP 1.81 Prob. F(2,19) 0.19 0.01 Prob. F (l,25) 0.94 1.84 Prob. F(12,15 0.13 1.95 0.38
Electricity 0.26 Prob. F(2,19) 0.77 0.04 Prob. F( 1.25) 0.84 0.46 Prob. F(12,15 0.91 2.16 0.34
C hina G DP 0.11 Prob. F(2,10) 0.90 0.11 Prob. F (l,22) 0.74 25.00 Prob. Chi-Sqi 0.41 18.41 0.00
Electricity 0.15 Prob. F(2,18) 0.86 0.07 Prob. F (l,24) 0.79 0.91 Prob. F(12,14 0.56 2.74 0.25
C olom bia G DP 0.54 Prob. F(2,24) 0.59 0.25 Prob. F(l,27) 0.62 1.47 Prob. F(6,23) 0.23 2.82 0.24
Electricity 0.52 Prob. F(2,22) 0.60 1.48 Prob. F (l,26) 0.23 3.30 Prob. F(8,20) 0 .0 1 0.54 0.76
Congo G DP 0.63 Prob. F(2,24) 0.54 0.01 Prob. F(l,27) 0.93 0.23 Prob. F(6,23) 0.96 30.91 0.00
E lectricity 0.07 Prob. F(2,26) 0.94 2.60 Prob. F(l,28) 0.12 5.07 Prob. F(4,26) 0.00 0.34 0.85
Congo Rep. G DP 0.11 Prob. F(2,22) 0.89 0.02 Prob. F(l,27) 0.88 0.38 Prob. F(10,19 0.94 1.80 0.41
Electricity 0.20 Prob. F(2,25) 0.82 0.09 Prob. F(l,28) 0.76 0.36 Prob. F(6,24) 0.90 261.35 0.00
C osta Rica G DP 0.65 Prob. F(2,24) 0.53 3.45 Prob. F( 1,27) 0.07 1.71 Prob. F(6,23) 0.16 3.51 0.17
E lectricity 0.88 Prob. F(2,26) 0.43 0.28 Prob. F(l,28) 0.60 0.75 Prob. F(4,26) 0.57 4.19 0.12
C ote d 'Ivo ire G DP 17.37 Prob. F{2,11) 0.00 5.55 Prob. F(l,22) 0.03 1.68 Prob. F(22,2) 0.44 Q.44 0.80
Electricity 0.47 Prob. F(2,26) 0.63 0.07 Prob. F(l,28) 0.79 0.25 Prob. F(4,26) 0.91 11.66 0.00
C uba G DP 0.43 Prob. F(2,26) 0.66 0.63 Prob. F{1,28) 0.43 3.48 Prob. F(4,26) 0.02 1.67 0.43
Electricity 0.57 Prob. F(2,26) 0.57 0.14 Prob. F(l,28) 0.71 1.87 Prob. F(4,26) 0.15 13.53 0.00
C yprus GDP 1.13 Prob. F(2,16) 0.35 0.03 Prob. F( 1,23) 0.86 1.19 Prob. F( 14,11 0.39 1.26 0.53
Electricity 0 .0 1 Prob. F(2,22) 0.99 0.09 Prob. F(l,26) 0.76 0.79 Prob. F(8,20) 0.62 24.70 0.00
D om inican Rep. GDP 0.11 Prob. F(2,22) 0.89 0.02 Prob. F(l,27) 0.88 0.38 Prob. F(10,19 0.94 1.80 0.41
Electricity 1.43 Prob. F(2,25) 0.26 0.04 Prob. F(l,28) 0.84 0.31 Prob. F(6,24) 0.92 8.24 0.02
Ecuador GDP 1.82 Prob. F(2,18) 0.19 0.10 Prob. F(l,25) 0.75 0.74 Prob. F( 14,13 0.70 2.88 0.24
Electricity 0.15 Prob. F(2,17) 0.87 0.23 Prob. F( 1,24) 0.64 0.70 Prob. F(14,12 0.74 0.60 0.74
Egypt GDP 0.11 Prob. F(2,18) 0.90 0.65 Prob. F(l,24) 0.43 1.82 Prob. F(12,14 0.14 0.87 0.65
Electricity 0.80 Prob. F(2,16) 0.47 1.79 Prob. F(l,23) 0.19 0.63 Prob. F( 14,11 0.79 11.27 0.00
El S alvador GDP 0.47 Prob. F(2,15) 0.63 0.09 Prob. F(l,23) 0.76 0.82 Prob. F(16,9) 0.65 4.52 0.10
Electricity 0.23 Prob. F(2,23) 0.80 0.02 Prob. F(l,27) 0.88 0.70 Prob. F(8,21) 0.69 0.75 0.69
Ethiopia GDP 0.57 Prob. F(2,24) 0.57 6.31 Prob. F(l,27) 0.02 3.73 Prob. F(6,23) 0.01 0.45 0.80
Electricity 0.23 Prob. F(2,15) 0.80 0.14 Prob. F(l,23) 0.71 0.49 Prob. F(16,9) 0.90 16.40 0.00
G abon GDP 0.61 Prob. F(2,14) 0.56 0.00 Prob. F (l,22) 0.95 0.23 Prob. F(16,8) 0.99 142.98 0.00
Electricity 3.78 Prob. F(2,9) 0.06 0.12 Prob. F (U 2 ) 0.74 0.65 0.72
G hana GDP 0.75 Prob. F(2,14) 0.49 0.25 Prob. F(l,23) 0.62 1.13 Prob. F(18,7) 0.46 0.51 0.78
Electricity 2.44 Prob. F(2,12) 0.13 0.44 Prob. F(l,23) 0.51 0.99 Prob. F(22,3) 0.60 0.05 0.98
G ib ra lta r GDP 4.05 Prob. F(2,14) 0.04 0.84 Prob. F(l,22) 0.37 1.44 Prob. F(16,8) 0.31 1.02 0.60
Electricity 0.58 Prob. F(2,25) 0.57 0.01 Prob. F(l,28) 0.94 0.72 Prob. F(6,24) 0.64 0.05 0.97
G uatem ala GDP 2.87 Prob. F(2,18) 0.08 0.23 Prob. F(l,24) 0.64 1.66 Prob. F(12,I4 0.18 1.14 0.57
Electricity 0.44 Prob. F(2,26) 0.65 0.04 Prob. F(l,28) 0.84 0.23 Prob. F(4,26) 0.92 98.94 0.00
Haiti GDP 0.06 Prob. F{2,24) 0.95 0.05 Prob. F{ 1,27) 0.83 0.70 Prob. F(6,23) 0.66 4.63 0.10
Electricity 0.04 Prob. F(2,22) 0.96 3.52 Prob. F(l,26) 0.07 3.36 Prob. F(8,20) 0.01 0.05 0.98
H onduras GDP 2.32 Prob. F(2,9) 0.15 0.06 Prob. F(l,22) 0.81 2.20 0.33
Electricity 1.52 Prob. F(2,26) 0.24 0.14 Prob. F(l,28) 0.72 0.54 Prob. F(4,26) 0.70 2.00 0.37
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Table A.4 : continued
Countries E quation AC A R C H H ctcroskedasitic ity N on-N orm ality
F-stat. P robab ility ET-stat. P robab ility E^-stat. P robab ility X2-stat ProbJCJ(2)
Hong K ong GDP 1.72 Prob. F(2,L8) 0.21 0.29 Prob. F(l,24) 0.60 0.60 Prob. F(12,14 0.81 0.09 0.96
Electricity 0.99 Prob. F(2,22) 0.39 0.22 Prob. F(l,26) 0.64 0.68 Prob. F(8,20) 0.71 1.64 0.44
Ind ia GDP 1.09 Prob. F<2,18) 0.36 0.56 Prob. F (l,24) 0.46 2.56 Prob. F( 12,14 0.05 14.56 0.00
Electricity 6.25 Prob. F(2,15) 0.01 0.28 Prob. F(l,23) 0.60 0.81 Prob. F(16,9) 0.66 2.35 0.31
Indonesia GDP 1.14 Prob. F(2,26) 0.34 0.33 Prob. F(l,28) 0.57 0.14 Prob. F(4,26) 0.97 46.46 0.00
E lectricity 0.27 Prob. F(2,22) 0.76 0.01 Prob. F (l,26) 0.91 0.24 Prob. F(8,20) 0.98 10.45 0.01
Iran G DP 0.66 Prob. F(2,14) 0.53 1.06 Prob. F (l,22) 0.31 1.46 Prob. F(16,8) 0.30 0.61 0.74
Electricity 0.99 Prob. F(2,13) 0.40 1.00 Prob. F (l,23) 0.33 2.26 Prob. F(20,5) 0.19 0.80 0.67
Iraq GDP 0.17 Prob. F(2,26) 0.84 0.72 Prob. F (l,28) 0.40 1.30 Prob. F(4,26) 0.29 2.70 0.26
Electricity 0.32 Prob. F(2,23) 0.73 1.42 Prob. F (U 7 ) 0.24 0.83 Prob. F(8,21) 0.59 1.00 0.61
Israel GDP 0.97 Prob. F{2,26) 0.39 6.72 Prob. F(l,28) 0.02 0.77 Prob. F(4,26) 0.55 0.35 0.84
Electricity 0.12 Prob. F(2,22) 0.88 0.48 Prob. F (l,26) 0.49 1.69 Prob. F(8,20) 0.16 0.52 0.77
Jam aica GDP 0.27 Prob. F(2,23) 0.77 0.04 Prob. F( 1,27) 0.84 0.31 Prob. F(8,21) 0.95 1.45 0.49
Electricity 0.58 Prob. F(2,25) 0.57 0.20 Prob. F (l,28) 0.66 1.81 Prob. F(6,24) 0.14 90.07 0.00
Jo rd an GDP 0.55 Prob. F(2,16) 0.59 0.22 Prob. F (l,24) 0.65 0.45 Prob. F(16,10 0.92 26.81 0.00
Electricity 1.84 Proh. F(2,14) 0.20 0.69 Prob. F (l,23) 0.42 3.89 Prob. F(18,7) 0.04 0.62 0.73
Kenya GDP 0.39 Prob. F{2,16) 0.68 2.82 Prob. F(l,23) 0.11 0.41 Prob. F (1 4 ,ll 0.94 0.15 0.93
Electricity 0.04 Prob. F(2,26) 0.96 13.28 Prob. F (l,28) 0.00 4.55 Prob. F(4,26) 0.01 10.09 0.01
K uw ait G D P 0.84 Prob. F(2,26) 0.44 7.65 Prob. F(l,28) 0.01 5.79 Prob. F(4,26) 0.00 1.76 0.41
E lectricity 2.16 Prob. F(2,26) 0.14 0.04 Prob. F (l,28) 0.84 38.56 Prob. F(4,26) 0.00 53.92 0.00
Lebanon GDP 1.55 Prob. F(2,14) 0.25 0.46 Prob. F(l,22) 0.50 1.17 Prob. F(16,8) 0.43 5.30 0.07
Electricity 0.79 Prob. F(2,26) 0.46 2.14 Prob. F(l,28) 0.15 10.10 Prob. F(4,26) 0.00 11.85 0.00
Libya GDP 0.74 Prob. F (2,18) 0.49 0.S9 Prob. F( 1,24) 0.45 1.19 Prob. F(12,14 0.38 3.93 0.14
Electricity 0.87 Prob. F(2,15) 0.44 0.27 Prob. F (l,23) 0.61 0.82 Prob. F(16,9) 0.65 14.70 0.00
M alaysia G DP 2.46 Prob. F(2,16) 0.12 0.05 Prob. F(l,23) 0.82 1.67 Prob. F (1 4 ,ll 0.20 2.35 0.31
Electricity 0.55 Prob. F(2,22) 0.58 0.21 Prob. F(l,26) 0.65 0.20 Prob. F(8,20) 0.99 1.23 0.54
M alta G DP 0.30 Prob. F(2,16) 0.74 0.19 Prob. F(l,24) 0.67 0.55 Prob. F(16,10 0.87 17.55 0.00
Electricity 0.54 Prob. F(2,22) 0.59 0.00 Prob. F (l,26) 0.98 0.32 Prob. F(8,20) 0.95 42.68 0.00
M orocco G DP 0.19 Prob. F(2,16) 0.83 0.95 Prob. F( 1,23) 0.34 0.46 Prob. F (14 ,ll 0.92 1.06 0.59
Electricity 0.43 Prob. F(2,14) 0.66 0.28 Prob. F (l,22) 0.60 1.57 Prob. F(16,8) 0.26 0.81 0.67
M ozam bique GDP 0.67 Prob. F(2,26) 0.52 0.13 Prob. F( 1,28) 0.72 1.32 Prob. F(4,26) 0.29 0.87 0.65
Electricity 0.21 Prob. F(2,26) 0.81 0.06 Prob. F (l,28) 0.81 0.07 Prob. F(4,26) 0.99 249.97 0.00
M yanm ar G DP 0.54 Prob. F(2,26) 0.59 5.27 Prob. F (l,28) 0.03 4.48 Prob. F(4,26) 0.01 8.00 0.02
E lectricity 0.68 Prob. F(2,26) 0.52 4.02 Prob. F (l,28) 0.05 3.68 Prob. F(4,26) 0.02 6.59 0.04
Nepal GDP 0.92 Prob. F(2,24) 0.41 0.38 Prob. F (l,27) 0.54 0.36 Prob. F(6,23) 0.90 2.46 0.29
Electricity 0.01 Prob. F(2,15) 0.99 1.05 Prob. F(l,24) 0.32 0.90 Prob. F(18,8) 0.60 0.48 0.79
N icaragua G DP 0.68 Prob. F(2,22) 0.52 0.01 Prob. F(l,26) 0.91 1.18 Prob. F(8,20) 0.36 7.47 0.02
E lectricity 1.82 Prob. F{2,16) 0.19 0.76 Prob. F( 1,23) 0.39 1.40 Prob. F(14,l 1 0.29 2.15 0.34
Nigeria GDP 0.41 Prob. F(2,14) 0.67 1.02 Prob. F (l,22) 0.32 0.50 Prob. F(16,8) 0.89 0.95 0.62
Electricity 1.65 Prob. F (2 ,18) 0.22 1.36 Prob. F (l,24) 0.26 0.43 Prob. F(12,14 0.93 1.33 0.51
O m an GDP 6.70 Prob. F(2,12) 0.01 5.25 Prob. F(l,22) 0.03 0.57 Prob. F(20,4) 0.82 0.15 0.93
Electricity 3.22 Prob. F(2,9) 0.09 1.50 Prob. F(l,22) 0.23 0.25 0.88
Pakistan GDP 0.75 Prob. F(2,22) 0.48 1.23 Prob. F (l,26) 0.28 1.82 Prob. F(8,20) 0.13 1.17 0.56
Electricity 1.66 Prob. F(2,14) 0.23 0.29 Prob. E (l,22) 0.59 0.69 Prob. F(16,8) 0.75 9.52 9.77
Panam a GDP 2.61 Prob. F(2,26) 0.09 1.39 Prob. F(l,28) 0.25 0.40 Prob. F(4,26) 0.81 9.40 0.01
Electricity 1.82 Prob. F(2,16) 0.19 0.03 Prob. F(l,23) 0.86 1.66 Prob. F (14 ,ll 0.20 1.45 0.48
Paraguay GDP 2.35 Prob. F(2,14) 0.13 0.32 Prob. F(l,22) 0.58 4.05 Prob. F(16,8) 0.03 3.47 0.18
Electricity 0.11 Prob. F (2 ,15) 0.90 1.03 Prob. F(l,23) 0.32 0.63 Prob. F(16,9) 0.80 0.22 0.89
Peru GDP 0.48 Prob, F(2,26) 0.63 0.49 Prob. F (l,28) 0.49 1.55 Prob. F(4,26) 0.22 6.03 0.05
Electricity 1.74 Prob. F(2,24) 0.20 0.06 Prob. F (l,27) 0.82 3.51 Prob. F(6,23) 0.01 18.22 0.00
Philippines GDP 0.80 Prob. F(2,21) 0.46 0.35 Prob. F (l,26) 0.56 0.96 Prob. F(10,18 0.51 1.28 0.53
Electricity 0.12 Prob. F(2,24) 0.88 0.05 Prob. F (l,27) 0.83 1.09 Prob. F(6,23) 0.40 3.13 0.21
Q ata r GDP 0.16 Prob. F(2,17) 0.85 0.02 Prob. F(l,24) 0.88 0.52 Prob. F(14,12 0.88 0.15 0.93
Electricity 0.19 Prob. F(2,13) 0.83 0.43 Prob. F (l,22) 0.52 1.39 Prob. F(18,6) 0.36 3.53 0.17
Rom ania GDP 0.56 Prob. F(2,26) 0.58 1.55 Prob. F(l,28) 0.22 2.74 Prob. F(4,26) 0.05 6.15 0.05
Electricity 1.95 Prob. F(2,26) 0.16 0.36 Prob. F(l,28) 0.55 0.80 Prob. F(4,26) 0.54 1 0.40 0.82
Saudi A rabia GDP 1.50 Prob. F(2,16) 0.25 0.85 Prob. F(l,24) 0.37 0.79 Prob. F(16,1C 0.68 1.38 0.50
Electricity 1.35 Prob. F(2,8) 0.31 0.14 Prob. F(l,22) 0.71 2.96 0.23
Senegal GDP 0.53 Prob. F(2,24) 0.59 0.53 Prob. F(l,27) 0.47 1.31 Prob. F(6,23) 0.29 0.19 0.91
Electricity 0.37 Prob. F(2,24) 0.69 1.16 Prob. F(l,27) 0.29 0.19 Prob. F(6,23) 0.98 57.76 0.00
Singapore GDP 0.79 Prob. F(2,26) 0.46 0.26 Prob. F(l,28) 0.61 0.55 Prob. F(4,26) 0.70 4.41 0.11
Electricity 0.25 Prob. F(2,13) 0.78 1.70 Prob. F(l,22) 0.21 0.89 Prob. F(18,6) 0.61 0.37 0.83
S ri L anka GDP 0.33 Prob. F(2,26) 0.72 0.00 Prob. F( 1,28) 0.95 0.89 Prob. F(4,26) 0.48 12.53 0.00
Electricity 1.29 Prob. F(2,26) 0.29 0.61 Prob. F(l,28) 0.44 1.01 Prob. F(4,26) 0.42 1.45 0.48
303
Table A.4 : continued
C ountries E qua tion AC A R C H H eteroskcdasitic ity N on-N orm ality
F-stat. P robab ility F-stat. P robab ility F -s ta t P ro bab ility  , Prob-X'p)
Sudan G DP 1.07 Prob. F(2,24) 0.36 5.58 Prob. F (l,27) 0.03 0.85 Prob. F(6,23) 0.55 0.58 0.75
E lectricity 0.03 Prob. F(2,26) 0.97 0.22 Prob. F (l,28) 0.64 0.56 Prob. F(4,26) 0.69 16.57 0.00
T aiw an GDP 0.95 Prob. F(2.18) 0.40 0.01 Prob. F (l,24) 0.94 0.35 Prob. F( 12,14 0.96 11.31 0.00
E lectricity 0.26 Prob. F(2,26) 0.77 0.77 Prob. F (l,28) 0.39 0.27 Prob. F(4,26) 0.89 5.56 0.06
T anzan ia GDP 0.21 Prob. F(2,16) 081 1.20 Prob. F (l,23) 0.29 1.81 Prob. F( 14,11 0.16 3.58 0.17
E lectricity 0.19 Prob. F(2,26) 0.83 0.30 Prob. F(!,28) 0.59 0.33 Prob. F(4,26) 0.85 0.81 0.67
T ha iland GDP 0.68 Prob. F(2,26) 0.51 3.11 Prob. F (l,28) 0.09 2.09 Prob. F(4,26) 0.11 50.17 0.00
Electricity 0.17 Prob. F(2,19) 0.84 0.17 Prob. F(l,25) 0.68 1.39 Prob. F( 12,15 0.27 1.48 0.48
Togo GDP 0.09 Prob. F(2,26) 0.92 2.70 Prob. F (l,28) 0.11 3.23 Prob. F(4,26) 0.03 0.21 0.90
Electricity 1.46 Prob. F(2,14) 0.27 0.48 Prob. F (l,22) 0.49 0.57 Prob. F(16,8) 0.84 2.38 0.30
T rin id ad  & Tob GDP 1.71 Prob. F(2,26) 0.20 0.62 Prob. F(l,28) 0.44 1.88 Prob. F(4,26) 0.14 0.65 0.72
Electricity 0.38 Prob. F(2,18) 0.69 0.01 Prob. F (l,24) 0.93 3.86 Prob. F(12,14 0.01 0.40 0.82
T unisia G DP 5.31 Prob. F(2,14) 0.02 0.66 Prob. F(t,22) 0.42 0.79 Prob. F{16,8) 0.68 1.49 0.47
Electricity Q.41 Prob. F(2,26) 0.67 0.04 Prob. F (l,28) 0.85 0.27 Prob. F(4,26) 0.90 15.32 0.00
United A rab  
E m irates
G D P 0.95 Prob. F(2,24) 0.40 2.10 Prob. F (l,27) 0.16 0.74 Prob. F(6,23) 0.62 0.79 0.67
Electricity 0.49 Prob. F(2,16) 0.62 0.51 Prob. F (l,24) 0.48 1.35 Prob. F( 16,10 0.32 0.95 0.62
U ruguay GDP 0.19 Prob. F(2,24) 0.83 1.86 Prob. F(l,27) 0.18 0.27 Prob. F(6,23) 0.95 3.55 0.17
Electricity 2.48 Prob. F(2,24) 0.10 0.70 Prob. F(l,27) 0.41 1.30 Prob. F(6,23) 0.30 1.06 0.59
V enezuela G DP 1.46 Prob. F(2,26) 0.25 0.90 Prob. F(l,28) 0.35 0.54 Prob. F(4,26) 0.71 2.18 0.34
E lectricity 0.18 Prob. F(2,26) 0.84 0.02 Prob. F (l,28) 0.90 1.34 Prob. F(4,26) 0.28 4.00 0.14
V ietnam G DP 1.49 Prob. F(2,8) 0.28 0.62 Prob. F (l,22) 0.44 0.31 0.86
E lectricity 2.21 Prob. F(2,12) 0.15 0.00 Prob. F (l,22) 0.99 1.05 Prob. F(20,4) 0.55 1.48 0.48
Y emen G DP 0.09 Prob. F(2,14) 0.91 0.00 Prob. F(I,22) 0.96 3.70 Prob. F(16,8) 0.03 0.72 0.70
E lectricity 0.78 Prob. F(2,24) 0.47 0.35 Prob. F(l,27) 0.56 0.34 Prob. F(6,23) 0.91 8.41 0.01
Z am bia G DP 1.09 Prob. F (2 ,14) 0.36 0.28 Prob. F(l,22) 0.60 0.73 Prob. F(16,8) 0.72 1.03 0.60
E lectricity 0.36 Prob. F(2,24) 0.70 0.03 Prob. F (l,27) 0.86 0.33 Prob. F(6,23) 0.91 12.69 0.00
Z im babw e G DP 0.26 Prob. F(2,22) 0.77 0.30 Prob. F(l,26) 0.59 0.43 Prob. F(8,20) 0.89 2.93 0.23
Electricity 1.44 Prob. F(2,17) 0.26 0.35 Prob. F (l,24) 0.56 0.48 Prob. F(14,12 0.90 0.52 0.77
Note; ........
D ata fo r all coun tries covers th e  period  1971-2003.
E m pty  cells fo r the  H eteroskedasticity  te st r e fe r  to  th e  u n ava ilab ility  o f  resu lts  due to  insuffic ien t n u m b e r o f  observation .
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Table A.5 : Diagnostic test for OECD countries (Petroleum and GDP)
Countries Equation AC A RCH Heteros ked asiUcity N on-Norm ality
F -s ta t P robability F-stat. P robability F-stat. P robability Xtstat rrob.XJ(2)
A ustralia GDP 0.90 Prob. F(2,37) 0.41 0.16 Prob. F(l,39) 0.69 1.38 Prob. F(4,37) 0.26 5.64 0.06
Petroleum 1.02 Prob. F(2,32) 0.37 0.43 Prob. F(l,37) 0.51 0.53 Prob. F( 10,25 0.86 1.07 0.59
A ustria GDP 0.29 Prob. F(2,23) 0.75 1.92 Prob. F(l,33) 0.18 1.14 Prob. F(20,lf 0.41 1 J5 0.56
Petroleum 0.55 Prob. F(2,35) 0.58 0.06 Prob. F( 1,38) 0.80 0.43 Prob. F(6,34) 0.85 9.59 0.01
Belgium GDP 1.16 Prob. F(2,26) 0.33 0.07 Prob. F(l,34) 0.80 0.47 Prob. F06.2C 0.93 0.03 0.98
Petroleum 0.76 Prob. F(2,35) 0.48 1.34 Prob. F(l,38) 0.25 1.11 Prob, F(6,34) 0.38 1.46 0.48
C anada GDP 0.07 Prob. F(2,35) 0.94 0.06 Prob. F(l,38) 0.81 3.35 Prob. F(6,34) 0.01 3.32 0.19
Petroleum 0.12 Prob. F(2,37) 0.89 0.53 Prob. F( 1,39) 0.47 2.55 Prob. F(4,37) 0.06 7.43 0.02
Czech Rep. GDP 0.89 Prob. F<2,37) 0.42 0.04 Prob. F(t,39) 0.84 0.07 Prob. F(4,37) 0.99 776.54 0.00
Petroleum 0.42 Prob. F<2,33) 0.66 4.63 Prob. F(l,37) 0.04 0.88 Prob. F(8,31) 0.55 1.28 0.53
D enm ark GDP 0.06 Prob. F{2,26) 0.94 1.21 Prob. F( 1.35) 0.28 0.80 Prob. F(18,1S 0.68 0.61 0.74
Petroleum 0.02 Prob. F(2,25) 0.98 0.40 Prob. F(l,33) 0.53 1.87 Prob. F(16,1S 0.10 5.39 0.07
F inland GDP 0.86 Prob. F(2,20) 0.44 0.65 Prob. F(l,31) 0.43 1.90 Prob. F(22,11 0.14 0.96 0.62
Petroleum 0.64 Prob. F(2,33) 0.54 0.60 Prob. F(l,37) 0.44 1.27 Prob. F(8,31) 0.29 9.10 0.01
France GDP 0.33 Prob. F(2,37) 0.72 0.01 Prob. F(i,39) 0.94 1.96 Prob. F(4,37) 0.12 0.82 0.66
Petroleum 0.88 Prob. F(2,37) 0.42 0.07 Prob. F( 1,39) 0.79 1.62 Prob. F(4,37) 0.19 3.50 0.17
G erm any GDP 0.03 Prob. F(2,23) 0.97 1.07 Prob. F(!,33) 0.31 1.58 Prob. F(20,15 0.19 0.24 0.88
Petroleum 0.65 Prob. F(2,24) 0.53 0.90 Prob. F(l,33) 0.35 1.02 Prob. F( 18,17 0.49 0.22 0.90
Greece GDP 0.19 Prob. F(2,33) 0.83 0.14 Prob. F(i,37) 0.71 0.92 Prob. F(8,31) 0.51 103.57 0.00
Petroleum 0.25 Prob. F(2,37) 0.78 0.05 Prob. F(l,39) 0.82 0.48 Prob. F(4,37) 0.75 55.16 0.00
H ungary  “ GDP 0.65 Prob. F(2,32) 0.53 0.33 Prob. F(l,34) 0.57 0.91 Prob. F(4,32) 0.47 36.16 0.00
Petroleum 0.49 Prob. F{2,17) 0.62 0.02 Prob. F(l,27) 0.89 0.15 Prob. F(20,9) 1.00 21.27 0.00
Iceland GDP 0.14 Prob. F(2,25) 0.87 2.01 Prob. F(l,33) 0.17 0.98 Prob. F(16,1S 0.51 1.30 0.52
Petroleum 0.17 Prob. F(2,29) 0.84 0.71 Prob. F(l,35) 0.41 0.76 Prob. F(12,25 0.68 0.90 0.64
Ireland GDP 0.25 Prob. F(2,35) 0.78 1.95 Prob. F(l,38) 0.17 2.26 Prob. F(6,34) 0.06 1.35 0.51
Petroleum 0.41 Prob. F(2,29) 0.67 0.00 Prob. F( 1,35) 1.00 1.93 Prob. F(12,2; 0.08 0.21 0.90
Italy GDP 0.18 Prob. F(2,37) 0.83 3.88 Prob. F(l,39) 0.06 5.05 Prob. F(4,37) 0.00 1.04 0.59
Petroleum 0.53 Prob. F(2,33) 0.59 4.60 Prob. F(l,37) 0.04 2.40 Prob. F(8,3l) 0.04 1.28 0.53
Japan GDP 4.47 Prob. F(2,17) 0.03 0.41 Prob. F(l,31) 0.53 0.91 Prob. F(28,5) 0.62 2.07 0.36
Petroleum 0.32 Prob. F(2,26) 0.73 0.01 Prob. F(l,34) 0.92 1.57 Prob. F(16,2C 0.17 11.73 0.00
K orea b GDP 0.33 Prob. F(2,26) 0.72 0.05 Prob. F(l,28) 0.82 0.67 Prob. F(4,26) 0.62 48.73 0.00
Petroleum 0.60 Prob. F(2,22) 0.56 0.94 Prob. F(l,26) 0.34 0.93 Prob. F(8,20) 0.52 4.17 0.12
Luxem bourg GDP 0.20 Prob. F(2,33) 0.82 1.52 Prob. F(l,37) 0.23 0.35 Prob. F(8,3I) 0.94 0.11 0.95
Petroleum 0.51 Prob. F(2,33) 0.61 2.36 Prob. F(l,37) 0.13 0.54 Prob. F(8,31) 0.82 4.18 0.12
Mexico b GDP 0.12 Prob. F(2,26) 0.89 0.00 Prob. F(l,28) 0.98 0.32 Prob. F{4,26) 0.86 6.92 0.03
Petroleum 0.02 Prob. F(2,26) 0.98 0.05 Prob. F(l,28) 0.83 0.27 Prob. F(4,26) 0.90 1.27 0.53
N etherlands GDP 0.06 Prob. F(2,23) 0.94 0.09 Prob. F(l,34) 0.77 3.66 Prob. F(22,U 0.01 0.12 0.94
Petroleum 0.17 Prob. F(2,31) 0.85 5.73 Prob. F(l,37) 0.02 4.03 Prob. F( 12,27 0.00 0.26 0.88
New Zealand GDP 0.68 Prob. F(2,17) 0.52 0.29 Prob. F(l,31) 0.59 0.88 Prob. F(28,5) 0.64 6.76 0.03
Petroleum 1.06 Prob. F(2,31) 0.36 0.77 Prob. F(l,36) 0.39 0.95 Prob. F(10,28 0.51 0.48 0.79
Norway GDP 0.56 Prob. F(2,35) 0.57 0.10 Prob. F(l,38) 0.76 1.60 Prob. F(6,34) 0.18 1.56 0.46
Petroleum 0.20 Prob. F(2,i6) 0.82 0.65 Prob, F( 1,31) 0.43 0.99 Prob. F(30,3) 0.60 4.09 0.13
Poland GDP 0.36 Prob. F(2,37) 0.70 0.38 Prob. F(l,39) 0.54 1.94 Prob. F(4,37) 0.12 49.95 0.00
Petroleum 0.12 Prob. F(2,36) 0.88 0.26 Prob. F(l,39) 0.62 0.64 Prob. F(6,35) 0.70 70.27 0.00
Portugal GDP O.I7 • Prob. F(2,22) 0.84 0.37 Prob. F(l,32) 0.54 1.83 Prob. F(20,14 0.13 0.22 0.89
Petroleum 0.65 Prob. F(2,35) 0.53 0.83 Prob. F(l,38) 0.37 0.35 Prob. F(6,34) 0.91 0.70 0.71
Slovakia b GDP 0.34 Prob. F(2,23) 0.71 0.01 Prob. F(l,27) 0.93 5.76 Prob. F(8,21) 0.00 81.59 0.00
Petroleum 0.01 Prob. F(2,24) 0.99 0.37 Prob. F(l,27) 0.55 0.41 Prob. F(6,23) 0.86 0.45 0.80
Spain GDP 1.64 Prob. F(2,37) 0.21 0.00 Prob. F(l,39) 0.99 0.44 Prob. F(4,37) 0.78 0.51 0.77
Petroleum 0 .01 Prob. F(2,2l) 0.99 0.21 Prob. F( 1,31) 0.65 2.80 Prob. F(20,13j 0.03 0.54 0.76
Sweden GDP 1.76 Prob. F(2,37) 0.19 0.77 Prob. F(l,39) 0.39 3.03 Prob. F(4,37) 0.03 1.22 0.54
Petroleum 0.31 Prob. F(2,33) 0.74 0.31 Prob. F(l,37) 0.58 0.46 Prob. F(8,31) 0.88 0.75 0.69
Sw itzerland GDP 1.66 Prob. F(2,37) 0.20 0.29 Prob. F(l,39) 0.60 5.76 Prob. F(4,37) 0.00 6.99 0.03
Petroleum 0.61 Prob. F(2,24) 0.55 0.86 Prob. F(l,33) 0.36 0.77 Prob. F (18 ,n 0.70 1.51 0.47
Turkey GDP 0.11 Prob. F(2,36) 0.90 0.16 Prob. F( 1,39) 0.69 1.91 Prob. F(6,35) 0.11 5.16 0.08
Petroleum 0.35 Prob. F(2,28) 0.71 0.40 Prob. F(l,35) 0.53 0.63 Prob. F(14,23j 0.81 0.12 0.94
UK GDP 0.07 Prob. F{2,35) 0.94 1.69 Prob. F(l,38) 0.20 3.22 Prob. F(6,34) 0.01 12.09 0.00
Petroleum 0.02 Prob. F(2,34) 0.98 0.27 Prob. F(l,38) 0.61 0.40 Prob. F(8,32) 0.91 58.62 0.00
USA GDP 0.51 Prob, F(2,35) 0.61 0.01 Prob. F(l,38) 0.93 1.87 Prob. F(6,34) 0.12 2.59 0.27
Petroleum 0.95 Prob. F(2,34) 0.40 4.61 Prob. F(l,38) 0.04 2.54 Prob. F(8,32) 0.03 0.03 0.99
Notes:
D ata for m ost countries covers the period  1960-2003 o ther than :
* w here data covers the period  1965-2003; and 
b w here d a ta  covers the period  1971-2003.
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Table A.6 : Diagnostic test for non-OECD countries (Petroleum  and GPP)
C ountries E quation A C A R C H H cteroskcdasitic ity N on-N orm ality
F-stat. P robab ility F-stat. P robab ility F -s ta t P robab ility X'-siat Prob-X'R)
A lbania GDP 0.41 Prob. F(2,27) 0.66 1.79 Prob. F (l,28) 0.19 0.88 Prob. F(4,26) 0.49 27.23 0.00
Petroleum 0.27 Prob. F(2,24) 0.76 0.06 Prob. F (l,27) 0.81 0.38 Prob. F(6,23) 0.89 1.49 0.47
Algeria GDP 2.11 Prob. F(2,24) 0.14 3.52 Prob. F (l,27) 0.07 1.13 Prob. F(6,23) 0.38 1.05 0.S9
Petroleum 0.26 Prob. F(2,26) 0.77 0.00 Prob. F (l,28) 0.95 0.22 Prob. F(4,26) 0.92 0.78 0.68
Angola i GDP 0.29 Prob. F(2,26) 0.75 1.15 Prob. F (l,28) 0.29 5.16 Prob. F(4,26) 0.00 0.46 0.79
P etroleum 6.71 Prob. F (2,l 1) 0.01 0.05 Prob. F (l,22) 0.83 0.57 Prob. F(22,2) 0.80 0.83 0.66
A rgentina GDP 1.65 Prob. F(2,26) 0.21 0.01 Prob. F (l,28) 0.91 0.82 Prob. F(4,26) 0.53 1.99 0.37
P etroleum 0.27 Prob. F(2,26) 0.77 1.08 Prob. F (l,28) 0.31 0.59 Prob. F(4,26) 0.67 1.89 0.39
B ahra in G DP 0.88 Prob. F(2,17) 0.43 0.88 Prob. F (l,24) 0.36 0.65 Prob. F(14,12 0.78 2.68 0.26
Petroleum 0.41 Prob. F (2,l 1) 0.67 0.04 Prob. F (l,22) 0.83 0.94 Prob. F(22,2) 0.64 1.08 0.58
Bangladesh GDP 1.82 Prob. F(2,14) 0.20 0.00 Prob. F (l,22) 1.00 0.40 Prob. F(16,8) 0.94 0.41 0.81
Petroleum 0.63 Prob. F(2,25) 0.54 0.26 Prob. F (l,28) 0.62 1.01 Prob. F(6,24) 0.44 3.15 0.21
Benin GDP 0.48 Prob. F(2,26) 0.63 0.01 Prob. F (l,28) 0.93 0.47 Prob. F(4,26) 0.76 3.44 0.18
Petroleum 0.16 Prob. F(2,26) 0.85 0.09 Prob. F (l,28) 0.77 0.06 Prob. F(4,26) 0.99 291.40 0.00
Bolivia GDP 0.09 Prob. F(2,22) 0.91 4.83 Prob. F (l,26) 0.04 0.77 Prob. F(8,20) 0.63 3.96 0.14
Petro leum 0.40 Prob. F(2.26) 0.68 0.49 Prob. F (t,28) 0.49 0.30 Prob. F(4,26) 0.87 1.26 0.53
Brazil GDP 1.20 Prob. F(2,15) 0.33 0.10 Prob. F (l,23) 0.75 1.34 Prob. F(16,9) 0.34 0.43 0.81
Petroleum 0.75 Prob. F(2,12) 0.49 0.00 Prob. F (l,22) 0.97 0.97 Prob. F(20,4) 0.58 0.39 0.82
B runei GDP 0.29 Prob. F(2,14) 0.76 0.36 Prob. F (l,24) 0.56 2.18 Prob. F(20,6) 0.17 0.94 0.63
Petroleum 2.46 Prob. F(2,16) 0.12 0.11 Prob. F (l,23) 0.74 0.52 Prob. F(14,U 0.88 1.74 0.42
Bulgarin GDP 0.16 Prob. F(2,18) 0.86 0.31 Prob. F (l,24) 0.58 2.61 Prob. F(I2,14 0.05 2.92 0.23
Petroleum 1.03 Prob. F(2,24) 0.37 0.00 Prob. F (l,27) 0.94 1.25 Prob. F(6,23) 0.32 24.97 0.00
C am eroon GDP 0.47 Prob. F(2,14) 0.63 7.82 Prob. F (l,22) .0.01 1.01 Prob. F(16,8) 0.52 5.20 0.07
Petro leum 3.75 Prob. F (2 ,i6) 0.05 2.44 Prob. F (l,23) 0.13 0.42 Prob. F(14,l 1 0.93 0.63 0.73
Chile G DP 1.73 Prob. F (2 ,ll) 0.22 1.63 Prob. F (l,22) 0.22 0.54 Prob. F(22,2) 0.82 0.26 0.88
Petroleum 0.37 Prob. F(2.18) 0.69 1.39 Prob. F (l,24) 0.25 0.33 Prob. F( 12,14 0.97 0.72 0.70
C hina GDP 0.81 Prob. F (2 ,U ) 0.47 0.00 Prob. F (l,22) 0.98 0.18 Prob. F(22,2) 0.99 1.94 0.38
Petroleum 1.02 Prob. F(2,20) 0.38 0.21 Prob. F (l,25) 0.65 1.29 Prob. F(10,17 0.31 0.50 0.78
C olom bia GDP 0.56 Prob. F(2,14) 0.58 0.03 Prob. F (l,22) 0.87 5.05 Prob. F(16,8) 0.01 2.15 0.34
Petroleum 1.17 Prob. F(2,26) 0.33 0.23 Prob. F (l,28) 0.63 1.27 Prob. F(4,26) 0.31 0.82 0.66
Congo GDP 0.58 Prob. F(2,24) 0.57 0.01 Prob. F (l,27) 0.93 0.20 Prob. F(6,23) 0.97 23.00 0.00
Petroleum 0.56 Prob. F (2,16) 0.58 0.06 Prob. F (l,23) 0.81 0.33 Prob. F( 14,11 0.97 2.99 0.22
Congo Rep. GDP 0.01 Prob. F(2,24) 0.99 0.14 Prob. F(l,27) 0.71 1.26 Prob. F(6,23) 0.31 6.58 0.04
Petroleum 0.02 Prob. F(2,26) 0.98 4.42 Prob. F (l,28) 0.04 4.68 Prob. F(4,26) 0.01 3.35 0.19
C osta Rica GDP 0.95 Prob. F{2,26) 0.40 2.85 Prob. F (l,28) 0.10 1.29 Prob. F(4,26) 0.30 9.54 0.01
Petroleum 1.04 Prob. F(2,26) 0.37 0.00 Prob. F (l,28) 0.99 0.88 Prob. F(4,26) 0.49 11.06 0.00
Cote d 'Ivo ire GDP 2.45 Prob. F(2,9) 0.14 4.19 Prob. F (l,22) 0.05 1.46 0.48
Petroleum 0.39 Prob. F(2,26) 0.68 1.06 Prob. F( 1,28) 0.31 0.45 Prob. F(4,26) 0.77 1 0.99 0.61
C uba GDP 0.70 Prob. F(2,26) 0.51 0.05 Prob. F (l,28) 0.83 1.50 Prob. F(4,26) 0.23 10.17 0.01
Petroleum 0.67 Prob. F(2,23) 0.52 0.00 Prob. F (l,27) 0.96 0.25 Prob. F(8,21) 0.98 25.70 0.00
C yprus GDP 1.65 Prob. F(2,l 1) 0.24 0.54 Prob. F( 1,23) 0.47 7850.79 Prob. F (24 ,l) 0.01 0.50 0.78
Petroleum 0.87 Prob. F(2,13) 0.44 0.25 Prob. F (i,24) 0.62 0.50 Prob. F(22,4) 0.87 3.20 0.20
D om inican R ep. GDP 0.14 Prob. F(2,17) 0.87 0.58 Prob. F (l,24) 0.46 2.53 Prob. F(14,12 0.06 2.21 0.33
Petroleum 0.38 Prob. F(2,26) 0.68 0.53 Prob. F (l,28) 0.47 0.91 Prob. F(4,26) 0.47 1 0.90 0.64
E cuador GDP 0.95 Prob. F(2,22) 0.40 0.07 Prob. F (l,26) 0.79 0.85 Prob. F(8,20) 0.58 0.23 0.89
Petroleum 0.92 Prob. F(2,22) 0.41 0.00 Prob. F (l,26) 0.98 0.29 Prob. F(8,20) 0.96 0.82 0.66
Egypt GDP 0.31 Prob. F(2,24) 0.74 0.17 Prob. F (l,27) 0.68 0.21 Prob. F(6,23) 0.97 15.06 0.00
Petroleum 0.22 Prob. F(2,15) 0.81 1.71 Prob. F(I,24) 0.20 0.77 Prob. F(18,8) 0.70 2.02 0.36
El S alvado r GDP 0.23 Prob. F(2,24) 0.79 0.09 Prob. F (l,27) 0.77 0.88 Prob. F(6,23) 0.53 3.27 0.19
Petroleum 0.24 Prob. F(2,16) 0.79 0.23 Prob. F (l,23) 0.64 0.47 Prob. F(14,U 0.91 0.15 0.93
E thiopia GDP 1.61 Prob. F(2,23) 0.22 2.46 Prob. F( 1,27) 0.13 0.74 Prob. F(8,21) 0.66 1.07 0.59
Petroleum 0.47 Prob. F(2,26) 0.63 0.02 Prob. F(1,28) 0.88 5.40 Prob. F(4,26) 0.00 47.14 0.00
G abon GDP 0.47 Prob. F(2,9) 0.64 0.06 Prob. F (l,22) 0.80 56.28 0.00
P etroleum 0.88 Prob. F(2,14) 0.44 1.80 Prob. F (l,22 ) 0.19 1.28 Prob. F(16,8) 0.38 1.08 0.58
G hana GDP 0.71 Prob. F(2,16) 0.51 0.05 Prob. F (l,23) 0.83 i .98 Prob. F (14 ,li 0.13 2.07 0.36
Petroleum 0.12 Prob. F (2,17) 0.89 0.99 Prob. F(1,24) 0.33 O.U 0.95
G ib ra lta r G DP 0.56 Prob. F(2,l 1) 0.59 0.55 Prob. F (l,22) 0.47 0.39 Prob. F(22,2) 0.90 1.22 0.54
Petroleum 0.16 Prob. F(2,14) 0.85 0.76 Prob. F (1,22) 0.39 0.46 Prob. F(16,8) 0.91 6.44 0.04
G uatem ala GDP 1.34 Prob. F(2,10) 0.30 1.22 Prob. F(l,22) 0.28 0.39 0.82
Petroleum 0.94 Prob. F(2,24) 0.40 4.31 Prob. F(l,27) 0.05 0.89 Prob. F(6,23) 0.52 6.63 0.04
H aiti GDP 3.26 Prob. F(2,26) 0.05 0.12 Prob. F(l,28) 0.73 0.24 Prob. F(4,26) 0.91 18.58 0.00
Petroleum 2.83 Prob. F(2,22) 0.08 10.02 Prob. F(l,26) 0.00 23.55 Prob. F(8,20) 0.00 3.27 0.19
H onduras GDP 0.42 Prob. F(2,13) 0.67 0.48 Prob. F(l,22) 0.49 0.32 Prob. F( 18,6) 0.97 5.31 0.07
Petroleum 0.56 Prob. F(2,24) 0.58 2.37 Prob. F( 1,27) 0.14 1.33 Prob. F(6,23) 0.28 0.79 0.67
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Table A.6 : continued
C ountries E qua tion AC A R C H H ctcroskednsiticity N on-N orm ality
F-stat. P robab ility F-stat. P robab ility F -stat. P robab ility FrobJt'a)
Hong Kong GDP 1.04 Prob. F{2,18) 0.37 0 .1 1 Prob. F (l,24) 0.74 0.42 Prob. F(12,H 0.93 0.27 0.87
P etro leum 0.11 Prob. F(2,18) 0.89 4.03 Prob. F (l,25) 0.06 0.71 Prob. F(14,13 0.73 0.71 0.70
Ind ia G DP 0.30 Prob. F<2,26) 0.74 0.29 Prob. F( 1,28) 0.60 0.34 Prob. F(4,26) 0.85 43.92 0.00
P etro leum 0.48 Prob. F(2,22) 0.62 0.03 Prob. F (l,26) 0.86 0.96 Prob. F(8,20) 0.49 0.12 0.94
Indonesia G DP ' 1.18 Prob. F{2,26) 0.32 0.36 Prob. F(l,28) 0.55 0.20 Prob. F(4,26) 0.93 38.75 0.00
P etro leum 1.53 Prob. F(2,26) 0.23 0.11 Prob. F (l,28) 0.75 0.57 Prob. F(4,26) 0.68 1.62 0.44
Iran G DP 1.55 Prob. F (2,I4) 0.25 0.01 Prob. F (l,22) 0.92 3.62 Prob. F(16,8) 0.04 0.69 0.71
Petroleum 1.73 Prob. F(2,12) 0.22 0.02 Prob. F (l,23) 0.89 4.64 Prob. F(22,3) 0.12 0.44 0.80
Iraq GDP 0.11 Prob. F(2,26) 0.90 1.51 Prob. F (l,28) 0.23 0.75 Prob. F{4,26) 0.57 3.04 0.22
Petro leum 0.55 Prob. F(2,26) 0.58 1.08 Prob. F (l,28) 0.31 2.21 Prob. F(4,26) 0.10 2.27 0.32
Israel GDP 0.56 Prob. F(2,26) 0.58 6.93 Prob. F (l,28) 0.01 0.34 Prob. F(4,26) 0.85 0.97 0.61
Petro leum 0.70 Prob. F(2,26) 0.50 0.37 Prob. F (l,28) 0.55 1.98 Prob. F(4,26) 0.13 5.55 0,17
Jam aica GDP 0.35 Prob. F(2,14) 0.71 0.00 Prob. F (l,23) 0.95 0.42 Prob. F( 18,7) 0.93 1.04 0.60
Petro leum 0.40 Prob. F(2,23) 0.68 0.60 Prob. F (l,27) 0.45 0.84 Prob. F(8,21) 0.58 0.51 0.78
Jo rd an GDP 0.33 Prob. F(2,14) 0.73 0.22 Prob. F (l,24 ) 0.64 1.76 Prob. F(20,6) 0.25 4.02 0.13
Petro leum 0.39 Prob..F(2,12) 0.69 1.62 Prob. F (l,23) 0.22 3.16 Prob. F(22,3) 0.19 0.24 0.89
K enya GDP 1.18 Prob. F(2,16) 0.33 0.13 Prob. F (l,23) 0.72 0.36 Prob. F(14,l 1 0.96 1.51 0.47
Petro leum 0.91 Prob. F(2,16) 0.42 2.79 Prob. F (l,23) 0.06 0.67 Prob. F( 14,11 0.76 0.91 0.63
K uw ait GDP 1.88 Prob. F(2,26) 0.17 6.33 Prob. F (l,28) 0.02 9.00 Prob. F(4,26) 0.00 0.11 0.95
Petroleum 0.13 Prob. F(2,24) 0.88 0.06 Prob. F (l,27) 0.81 2.88 Prob. F{6,23) 0.03 88.10 0.00
Lebanon GDP 1.03 Prob. F(2,8) 0.40 0.32 Prob. F (l,22) 0.58 1.98 0.37
Petroleum 0.42 Prob. F(2,I2) 0.67 0.22 Prob. F (l,22) 0.65 1.51 Prob. F(20,4) 0.38 1.53 0.47
Libya GDP 0.16 Prob. F(2,20) 0.85 0.03 Prob. F(I,25) 0.86 1.34 Prob. F(10,17 0.28 2.37 0.31
Petro leum 0.24 Prob. F(2,12) 0.79 0.17 Prob. F (l,22) 0.69 0.69 Prob. F(20,4) 0.75 0.64 0.73
M alaysia GDP 2.25 Prob. F(2,16) 0.14 0.04 Prob. F (l,23) 0.85 1.51 Prob. F(14,l 1 0.25 20.92 0.00
Petro leum 0.06 Prob. F(2,16) 0.94 0.58 Prob. F (l,23) 0.46 0.60 Prob. F (14 ,ll 0.82 5.73 0.06
M alta GDP 0.22 Prob. F(2,16) 0.80 5.66 Prob. F (l,24) 0.03 3.67 Prob. F( 16,1C 0.02 1.46 0.48
Petroleum 1.02 Prob. F(2,26) 0.37 5.02 Prob. F (l,28) 0.03 4.35 Prob. F(4,26) 0.01 0.17 0.92
M orocco GDP 1.72 Prob. F(2,16) 0.21 2.01 Prob. F (l,23) 0.17 0.80 Prob. F(14,l 1 0.66 0.95 0.62
Petro leum 0.46 Prob. F(2,22) 0.64 0.24 Prob. F (l,26) 0.63 0.45 Prob. F(8,20) 0.88 0.13 0.94
M ozam bique GDP 1.48 Prob. F(2,14) 0.26 0.26 Prob. F (l,22) 0.61 1.32 Prob. F(16,8) 0.36 1.14 0.57
Petro leum 2.45 Prob. F(2,15) 0.12 1.64 Prob. F (l,23) 0.21 0.52 Prob. F(16,9) 0.88 0.73 0.70
M yanm ar GDP 0.33 Prob. F(2,26) 0.72 6.92 Prob. F (l,28) 0.01 4.12 Prob. F(4,26) 0.01 0.34 0.84
Petro leum 1.12 Prob. F(2,24) 0.34 0.48 Prob. F (l,27) 0.49 0.83 Prob. F(6,23) 0.56 17.27 0.00
Nepal GDP 0.27 Prob. F(2,23) 0.77 1.00 Prob. F (l,27) 0.33 0.49 Prob. F(8,21) 0.85 4.42 0.11
Petro leum 0.04 Prob. F(2,26) 0.96 1.85 Prob. F (l,28) 0.19 0.78 Prob. F(4,26) 0.55 0.91 0.63
N icaragua GDP 0.76 Prob. F(2,26) 0.48 0.40 Prob. F (l,28) 0.53 1.37 Prob. F(4,26) 0.27 9.34 0.01
Petroleum 0.82 Prob. F(2,26) 0.45 1.03 Prob. F (t,28) 0.32 1.60 Prob. F(4,26) 0.20 38.87 0.00
N igeria GDP 0.25 Prob. F(2,26) 0.78 0.03 Prob. F (l,28) 0.88 0.45 Prob. F(4,26) 0.77 4.72 0.09
Petroleum 0.19 Prob. F(2,13) 0.83 0.16 Prob. F (l,22) 0.70 0.64 Prob. F(18,6) 0.78 0.66 0.72
O m an GDP 0.57 Prob. F(2,17) 0.57 0.97 Prob. F (l,25) 0.34 1.29 Prob. F (16 ,ll 0.34 1.99 0.37
Petro leum 0.03 Prob. F(2,21) 0.97 7.29 Prob. F(l,26) 0.01 0.97 Prob. F(10,18 0.50 0.88 0.64
Pakistan GDP 0.06 Prob. F(2,26) 0.94 0.23 Prob. F (l,28) 0.63 0.58 Prob. F(4,26) 0.68 1.61 0.45
Petroleum 0.01 Prob. F(2,14) 0.99 0.74 Prob. F (l,22) 0.40 1.09 Prob. F(16,8) -.0 .4 7 3,6k 0.16
Panam a GDP 1.52 Prob. F(2,26) 0.24 0.89 Prob. F (l,28) 0.35 •* 0.31 Prob. F(4,26) 0.87 10.70 0.00
Petroleum 0.20 Prob. F(2,24) 0.82 0.58 Prob. F (l,27) 0.45 2.76 Prob. F(6,23) 0.04 1.40 0.50
P araguay ! GDP 3.94 Prob. F(2,13) 0.05 0.42 Prob. F(l,23) 0.52 8.60 Prob. F(20,5) 0.01 2.92 0.23
Petroleum 0.17 Prob. F(2,26) 0.84 0.58 Prob. F (l,28) 0.45 0.25 Prob. F(4,26) 0.91 5.92 0.05
Peru GDP 0.91 Prob. F(2,24) 0.42 0.24 Prob. F (l,27) 0.63 2.93 Prob. F(6,23) 0.03 1.48 0.48
Petroleum 0.78 Prob. F(2,26) 0.47 0.27 Prob. F(l,28) 0.61 0.63 Prob. F(4,26) 0.64 2.12 0.35
Philippines GDP 1.36 Prob. F(2,19) 0.28 0.26 Prob. F (l,25) 0.61 0.54 Prob. F{12,15 0.86 1.66 0.44
Petroleum 1.44 Prob. F(2,l 1) 0.28 0.23 Prob. F (l,22) 0.63 0.45 Prob. F(22,2) 0.87 0.88 0.64
Q a ta r GDP 0.17 Prob. F(2,15) 0.84 1.47 Prob. F (l,24) 0.24 0.56 Prob. F{18,8) 0.85 1.25 0.54
Petroleum 0.25 Prob. F(2,15) 0.78 0.64 Prob. F (l,23) 0.43 2.37 Prob. F(16,9) 0.10 0.14 0.93
R om ania GDP 0.54 Prob. F(2,26) 0.59 1.58 Prob. F (l,28) 0.22 0.74 Prob. F(4,26) 0.58 4.66 0.10
Petroleum 0.13 Prob. F(2,20) 0.88 0.67 Prob. F(l,25) 0.42 0.37 Prob. F(10,17 0.94 3.62 0.16
S aud i A rab ia G DP 0.44 Prob. F(2,14) 0.65 0.23 Prob. F (l,23) 0.64 8.62 Prob. F(18,7) 0.00 5.54 0.06
Petroleum 0.03 Prob. F(2,9) 0.97 2.18 Prob. F (l,22) 0.15 1.11 0.57
Senegal GDP 1.14 Prob. F(2,12) 0.35 0.04 Prob. F(l,22) 0.84 1.48 Prob. F(20,4) 0.38 1.14 0.56
Petroleum 0.20 Prob. F(2,25) 0.82 0.39 Prob. F (l,28) 0.54 2.59 Prob. F(6,24) 0.04 1.46 0.48
Singapore G DP 0.32 Prob. F(2,22) 0.73 1.79 Prob. F (l,26) 0.19 0.43 Prob. F(8,20) 0.89 1.37 0.50
Petroleum 0.68 Prob. F(2,26) 0.51 0.51 Prob. F(l,28) 0.48 0.76 Prob. F(4,26) 0.56 0.27 0.87
Sri L anka GDP 0.32 Prob. F(2,26) 0.73 0.00 Prob. F (l,28) 0.96 0.82 Prob. F(4,26) 0.52 14.36 0.00
Petroleum 0.74 Prob. F(2,22) 0.49 0.21 Prob. F (l,26) 0.65 0.24 Prob. F(8,20) 0.98 14.18 0.00
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Table A.6 : continued
Countries E qua tion A C A R C H H eteroskedasitic ity N on-N orm ality
F-stat. P robab ility F -s ta t P robab ility F -stat. P robab ility XJ-sui. Prob-XJ(2)
Sudan GDP 0.96 Prob. F(2,24) 0.40 0.99 Prob. F (l,27) 0.33 0.66 Prob. F(6,23) 0.68 0.43 0.81
Petro leum 0.03 Prob. F(2,i9) 0.97 0.30 Prob. F (l,25) 0.59 1.43 Prob. F (12 ,lf 0.25 0.59 0.,74
Taiw an G DP ! 0.36 Prob. F(2,17) 0.71 0.48 Prob. F (l,24) 0.50 0.40 Prob. F( 14,12 0.95 1.74 0.42
Petroleum 0.64 Prob. F(2,15) 0.54 0.03 Prob. F (l,24) 0.86 0.43 Prob. F(18,8) 0.93 0.65 0.72
Tanzania G DP 0.45 Prob. F(2,26) 0.64 0.00 Prob. F(l,28) 1.00 2.02 Prob. F(4,26) 0.12 1.60 0.45
Petro leum 0.10 Prob. F(2,26) 0.91 2.02 Prob. F (l,28) 0.17 1.80 Prob. F(4,26) 0.16 3.33 0.19
T hailand G DP 0.54 Prob. F(2,26) 0.59 4.21 Prob: F(l,28) 0.05 1.63 Prob. F(4,26) 0.20 38.99 0.00
Petro leum 0.13 Prob. F(2,22) 0.88 0.02 Prob. F (l,26) 0.88 0.52 Prob. F(8,20) 0.83 2.11 0.35
Togo GDP 0.03 Prob. F(2,26) 0.98 2.89 Prob. F (l,28) 0.10 2.17 Prob. F(4,26) 0.10 0.78 0.68
Petroleum 0.77 Prob. F(2,15) 0.48 1.47 Prob. F(l,23) 0.24 0.62 Prob. F(16,9) 0.80 4.99 0.08
T rin idad  &  Tob GDP 0.45 Prob. F(2,26) 0.64 0.41 Prob. F (l,28) Q.53 0.36 Prob. F(4,26) 0.83 1.25 0.54
Petroleum 1.13 Prob. F(2,24) 0.34 1.16 Prob. F (l,27) 0.29 0.61 Prob. F(6,23) 0.72 0.93 0.63
Tunisia GDP 0.33 Prob. F(2,18) 0.72 2.93 Prob. F (l,24) 0.10 4.33 Prob. F(12,14 0.01 0.14 0.93
Petroleum 0.56 Prob. F(2,24) 0.58 3.81 Prob. F (l,27) 0,06 2.10 Prob. F(6,23) 0.09 0.58 0.75
U nited A rab  
Em irates
G DP 1.55 Prob. F(2,24) 0.23 0.98 Prob. F (l,27) 0.33 0.77 Prob. F(6,23) 0.60 0.43 0.81
P etro leum 0.25 Prob. F(2,20) 0.78 0.14 Prob. F(l,25) 0.72 0.94 Prob. F(10,17 0.52 0.75 0.69
U ruguay G DP 0.43 Prob. F(2,20) 0.66 0.45 Prob. F (l,25) 0.51 0.75 Prob. F(10,17 0.67 1.43 0.49
P etro leum 0.27 Prob. F(2,26) Q.77 1.15 Prob. F<1,28) 0.29 1.49 Prob. F(4,26) 0.23 0.71 0.70
Venezuela GDP 1.39 Prob. F(2,26) 0.27 0.36 Prob. F (l,28) 0.55 0.13 Prob. F(4,26) 0.97 1.97 0.37
Petroleum 0.18 Prob. F(2,18) 0.84 0.89 Prob. F (l,24) 0.35 i.03 Prob. F(12,14 0.48 0.95 0.62
V ietnam GDP 0.18 Prob. F (2,1I) 0.84 1.02 Prob. F( 1,22) 0.32 358.89 Prob. F(22,2) 0.00 4.92 0.09
P etro leum 0.04 Prob. F(2,9) 0.96 0.81 Prob. F (l,22) 0.38 0.25 0.88
Yemen G DP 0.50 Prob. F(2,26) 0.61 0.37 Prob. F (l,28) 0.55 0.26 Prob. F(4,26) 0.90 9.77 0.01
Petro leum 0.59 Prob. F(2,19) 0.56 0.02 Prob. F (l,25) 0.90 0.62 Prob. F(12,15 0.79 0.96 0.62
Zam bia GDP 0.34 Prob. F(2,26) 0.71 0.30 Prob. F (l,28) 0.59 0.63 Prob. F(4,26) 0.65 1.00 0.61
Petro leum 0.23 Prob. F(2,21) 0.80 0.10 Prob. F (l,26) 0.76 1.64 Prob. F (10,lf 0.17 0.63 0.73
Zim babw e GDP 0.17 Prob. F(2,26) 0.85 2.04 Prob. F(l,28) 0.16 1.07 Prob. F(4,26) 0.39 1.09 0.58
P etro leum 1.55 Prob. F(2,26) 0.23 1.68 Prob. F{1,28) 0.21 1.17 Prob. F(4,26) 0.35 1.57 0.46
Note: =
D ata fo r all countries covers the period  1971-2003.
E m pty  cells fo r the H eteroskedasticity  te st re fe r to the unavailab ility  o f  resu lts  due  to  insufficient nu m b er o f  observation .
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Table A.7 : Diagnostic test for all panel groups 
(Energy and GDP, Electricity and GDP, Petroleum and GDP)
Countries E quation AC ARCH Hctcroskcdnsiticity N on-Norm ality
F-stat. Probability F-stat. P robability F-stat. Probability X‘-stat. Prob.X (2)
Energy and GDP
OECD GDP 4.80 Prob. F(2,838 0.01 2.25 Prob. F( 1,898 0.13 1.30 Prob. F( 149,7 0.01 1349.53 0.00
Energy 10.60 Prob. F(2,83S 0.00 8.83 Prob. F( 1,898 0.00 1.60 Prob. F( 149,7 0.00 484.31 O.'OO
Non-OECD GDP 3.69 Prob. F(2,21C 0.03 252.04 Prob. F( 1,233 0.00 2.32 Prob. F(539,l 0.00 21498.90 0.00
Energy 10.94 Prob. F(2,21C 0.00 1.06 Prob. F( 1,233 0.30 1.29 Prob. F(539,i 0.00 806224.70 0.00
High GDP 2.32 Prob. F(2,125 0.10 264.18 Prob. F( 1,134 0.00 6.82 Prob. F(224,l 0.00 15082.06 0.00
Energy 16.34 Prob. F(2,125 0.00 9.89 Prob. F(l,134 0.00 2.46 Prob. F(224,l 0.00 75861.38 0.00
M id GDP 10.64 Prob. F (2,115 0.00 21.51 Prob. F(l,128 0.00 1.60 Prob. F(295,l 0.00 17206.23 0.00
Energy 1.05 Prob. F(2,l 15 0.35 5.51 Prob. F(1,12S 0.02 2.34 Prob. F(295,l 0.00 297773.60 0.00
Low GDP 0.32 Prob. F(2,474 0.73 8.33 Prob. F( 1,508 0.00 1.78 Prob. F(84,44 0.00 184.03 0.00
Energy 4.92 Prob. F(2,474 0.01 0.00 Prob. F( 1,508 0.97 1.13 Prob. F (84,+ 0.22 41678.58 0.00
Electricity and GDP
OECD GDP 5.76 Prob. F(2,83E 0.00 3.66 Prob. F( 1,898 0.06 1.58 Prob. F{149,7 0.00 1271.94 0.00
Electricity 10.15 Prob. F(2,838 0.00 62.33 Prob. F(!,89S 0.00 1.32 Prob. F( 149,7 0.01 562.27 0.00
Non-OECD GDP 0.67 Prob. F(2,21C 0.51 192.45 Prob. F(!,233 0.00 2.55 Prob. F(532,l 0.00 37936.18 0.00
Electricity 0.64 Prob. F(2,21C 0.53 16.92 Prob. F(l,233 0.00 0.88 Prob. F(533,l 0.96 122521.20 0.00
High GDP 9.34 Prob. F(2,125 0.00 224.23 Prob. F(l,134 0.00 4.01 Prob. F(224,1 ■ 0.00 23170.78 0.00
Electricity 5.63 Prob. F(2,125 0.00 19.37 Prob. F(l,134 0.00 4.85 Prob. F(224,1 0.00 6410.08 0.00
M id GDP 8.72 Prob. F(2,115 0.00 81.29 Prob. F(i,128 0.00 2.65 Prob. F(292,l 0.00 48976.35 0.00
Electricity 2.66 Prob. F (2,115 0.07 27.07 Prob. F( 1,128 0.00 1.76 Prob. F(293,l 0.00 24773.52 0.00
Low GDP 3.05 Prob. F(2,474 0.05 2.66 Prob. F(i,508 0.10 1.40 Prob. F{84,44 0.02 898.11 0.00
Electricity 2.38 Prob. F(2,474 0.09 1.52 Prob. F(1,50S 0.22 0.68 Prob. F(84,44 0.99 11376.64 0.00
Petroleum and GDP
OECD GDP 3.06 Prob. F(2,83£ 0.05 3.02 Prob. F( 1,898 0.08 1.64 Prob. F( 149,7 0.00 1358.55 0.00
Petroleum 7.64 Prob. F(2,83S 0.00 21.50 Prob. F(l,898 0.00 1.97 Prob. F( 149,7 0.00 246.93 0.00
Non-OECD GDP 1.63 Prob. F(2,21C 0.20 136.76 Prob. F(l,233 0.00 1.60 Prob. F(542,l 0.00 30451.93 0.00
Petroleum 3.34 Prob. F(2,21C 0.04 14.95 Prob. F( 1,233 0.00 1.00 Prob. F(543,l 0.47 89095.83 0.00
High GDP 1.25 Prob. F(2,I25 0.29 194.51 Prob. F( 1,134 0.00 3.86 Prob. F(224,l 0.00 23595.42 0.00
Petroleum 20.01 Prob. F(2,125 0.00 33.71 Prob. F( 1,1341 0.00 3.62 Prob. F(224,l 0.00 11337.38 0.00
M id GDP 2.80 Prob. F(2,115 0.06 14.12 Prob. F(l,128 0.00 1.32 Prob. F(298,1 0.00 35029.63 0.00
Petroleum 1.11 Prob. F (2,115 0.33 13.15 Prob. F( 1,128 0.00 1.49 Prob. F(298,l 0.00 23573.00 0.00
Low GDP 0.25 Prob. F(2,457 0.78 6.38 Prob. F(l,508 0.01 1.06 Prob. F (ll7 ,z 0.34 643.66 0.00
Petroleum 2.79 Prob. F(2,457 0.06 2.32 Prob. F( 1,508 0.13 0.83 Prob. F(I18,4 0.89 17003.79 0.00
Notes:
D ata for all coun try  groups covers the period 1971-2003.
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